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Description 

FIELD 


inventk)n b in the fields of genetic engineering, plant husbandry, and bacterial bio-affectina 

compositions, especially those derived from the genus Bacillus . ™°-artecting 
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Bag* muringtenafe, a species of bacteria closely related to B. cereus. forms a proteinacious 
St 1 ^ "° 8P<XUlati0n - ™ S is Pa^Poral. formir*-v«he cell at the er« S 
from the develop,,* spore The crystal protein, often referred to as the *-endotoxin. has two 3 a 
r^toxic ^otoxin ofapproMrnate molecular weight (MW> of 130 UkriaKons (kD). and a toxin havino J 
appro* MW of 67 KD. The crystal contains the protoxin protein which is activated in the gtf Z iSStf! 
number erf insect species. M. J. Ktowden et al. (1983) Appl. Envir. Microbiol. 48:3™ 315 hate^owJ 
sdubilized protoxin from B. thuringlensis varHsrieJensis is toxic to Aedes aegyptildufts. MnSZJSS 
TST^SZ? W ° *° PO,ypep * deS ' **XTS5* of which aretox i cTSv o, the cryWL^S 
bybeing soluMteed and converted to toxic form by the alkalinity and protiaieTof theW £ Solhe 

T^±< P 10) " * Stro ° 9 o^rants feuanidium. urea) under neutral conditions foH 7)^5 
once solub,.^ed. may be activated by the action of the protease trypsin. The c^sJZ^'srl^t 

nZT^^T* * Pr ° ,einS wHWn ^ *• Spwe — — *• vegetative^ JSTStSKS t 
not involved in the toxic properties of the protein. «~y»yui«e is 

B. thuringiensis and its crystalline endotoxin are useful because the crystal protein is an insecticidal 

d^l? ^r 008 ! 0 J?'™**-'- °< ^es o7!Sc£ most cclrSyl^ 

from the orders U**Joptera and CNptera. Insects susceptible to the acton of the B thurinaiensfe 
protein include, but need not be limited to. those listed in Tab* 1. Many JlL ^ZS^c SZ 
economically important pests. Plants which can be protected by application of th^s^otSTSSJl 
butneed not be limited to. those listed in Tabte 2. Different .J^Jb^^sZ^^^ 
need not be MM to. those listed in Table 3. have different host mgmjPScn^fi^ 

^„ En0,neenn ° Sdencw - «■ N - J- Panapotous. pp 2^254); this pro^-Jecto t»S 

toocrty of a g^en crystal protein in a particular host. The crystal protein is highly sp^ joTsecTTov^ 
two decades of commercial application of speculated B. thuringiensis cells to Jc^and Z2l "££ 
has been no known case of effects to plants or noninsic t animals. Th e efficacy a^safetyTIe^Z 
have been reviewed by R. M. Faust et al.. supra. Other useful reviews indudethose by P G ZXXZ 
M,crobial Control of P ests and Plant TS&aielT i 970-1 mo ed, H. D. Burgos. p^SSi" and? E Hube? 
* K Luthy (1981) in Pathogenesis of Invertebrate Microbial Diseases , ed. E W DaTSf "pT^L 
The crystal protein gene usually can be found on one of several large plasmids that havebeen found in 

^f 3 * J , **?™*- 1** 1 ™ 58 )- SevwaS of the genes have been cloned into plasmids that can grow in I 
*rfi££ 7? { 1 ^'T'u- f 1T ) in MQlecu.ar Ctoning and Gene Regulation in ^ 1: 
TOJaSST-S?' 3 : 144 ' E SChnep ' ^ Proc. Natl. Acad. Sci. USA 

- ' European P"- a PP fication ».W9) sported the cloning of the toxin from B thurinaienste 

var HO-LOipe. and Hf>73. using the enzymes Sau3AI fcnder partial digS 

S '^^7 L o T pT, 9 r^f ° 9 fr89men,S ^^o-ateres ^^16 £ 
mto the BamHI stte of the E. poll plasmid vector pBR322. The HD-1 crystal protein was observed to be 
tocated on a 6.6 tatobase pair (kbp) «nd... fragment. Crystal protein from the STiip^g^Tch wal 

produced by transformed E. col. cells containing pBR322 clones or subclones. This indicated that the 
*|^9ene was .transcribed, probabry from its own promoter, and transited in E. col *£o^£ 
suggests that the Re activity of the protein product is independent of the location of telynthesiHK 
TZZT^T^^ fr89ment « was '"^ed into the vector in ei^orienSt^ 

suggests that transcription was controlled by its own promoter. The transcriptional and translatJonal 
TtZTLZ^Jft"** , SeqUeflC8 ^ ^ ^'"o-termina. 333 amino acids of the HO-^Z^. 
have been determined by nucleic add sequencing (H. C. Wong et al. (1983) J. Biol Chem 2SM*M0en 
The insecticidal gene was found to have the expected bacte'nii rlbosome tSi « I2i 
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(ATG) sites along with commonly found sequences at -10 and -35 (relative to the 5*-end of the mRNA) that 
are involved in initiation of transcription in bacteria such as B. subtifis. A. Klier et aJ. (1982) EMBO J. 1:791- 
799. have reported the cloning of the crystal protein gene from B. thuringiensis strain berliner 1715 in 
pBR322. Using the enzyme Bam HI, a large 14 kbp fragment carrying the crystal protein gene was moved 

s into the vector pHV33, which can replicate in both E. coli and Bacillus . In both E. coll and sporulating B 
subtilis, the pHV33-based clone directed the synthesis of full-size (130 kDf protoxin which formed 
cytoplasmic inclusion bodies and reacted with antibodies prepared against authentic protoxin. Extracts of E 
coli cells harboring the pBR322 or pHV33-based plasmids were toxic to larvae. In further work. A. Klier et 5 
(1983) Nucleic Acids Res. n:3973-3987, have transcribed the berliner crystal protein gene in vitro and ha7e 

io reported on the sequence of the promoter region, together with the first 11 codons of the~c*ystal protein. 
The bacterial ribosome binding and translational start sites were identified. Though the expected '-10* 
sequence was identified, no homology to other promoters has yet been seen near -35. Held et al. (1982) 
Proc. Natl. Acad. Sci. USA 77:6065-6069 reported the cloning of a crystal protein gene fronTthi variety 
kufStaki in to X-based cloning vector CharoMA. E. a>li cells infected with one of the Charon clones 

/s produced antigen that was the same size as the protoxin (130 kD) and was toxic to larvae, A 4.6 kbp EcoRI 
fragment of this Charon clone was moved into pHV33 and an E. coli plasmid vector, pBR328. Again, 130~kD 
antigenically identifiable crystal protein was produced by both ETcoli and B. subtilis strains harboring the 
appropriate plasmids. A B. thuringiensis chromosomal sequence which cross-hybridized with the cloned 
crystal protein gene was identified in B. thuringiensis strains which do not produce crystal protein during 

20 sporulation. " 

In addition to the crystal protein, B. thuringiensis produces at least three other toxins. Two of them, the 
a-exotoxin and ^-exotoxin, are phospholipases enzymes that degrade lipids. B. cereus is also known to 
produce phosphofipases (or tecithinases) which are toxic to insect larvae. Other bacterial enzymes which 
are involved in insect pathogenesis include, but need not be limited to, hyaluronidases. phosphatases, and 
as proteases. Protease produced by Pseudomonas aeruginosa has been shown to have a specific affinity to 
proteins of Galleria mellonella larvae (see O. Lysenko & M. Kucera (1971) in Microbial Control of Insects 
and Mites , eds.: H. D. Burges & N. W. Hussey. pp. 205-227). 


Shuttle Vectors 


30 


Shuttle vectors, developed by Q. B. Ruvkun & F. M. Ausubel (1981) Nature 298:85-88. provide a way to 
insert foreign genetic materials into position of choice in a large plasmid. virusfc* genome. There are two 
main problems encountered when dealing with large plasmids or genomes. Firstly, the large plamsids may 
have many sites for each restriction enzyme. Unique site-specific cleavage reactions are not reproducible 

as and multi-site cleavage reactions followed by ligation lead to great difficulties due to the scrambling of the 
many fragments whose order and orientation one does not want changed. Secondly, the transformation 
efficiency with large DNA plasmids is very low. Shuttle vectors allow one to overcome these difficulties by 
facilitating the insertion, often in vitro, of the foreign genetic material into a smaller plasmid. then 
transferring, usually by in vivo techniques, to the larger plasmid. 

40 A shuttle vector consists of a DNA molecule, usually a plasmid. capable of being introduced into the 
ultimate recipient bacteria. It also includes a copy of the fragment of the recipient genome into which the 
foreign genetic material is to be inserted and a DNA segment coding for a selectable trait which is also 
inserted into the recipient genome fragment The selectable trait {"marker") is conveniently inserted by 
transposon mutagenesis or by restriction enzymes and Hgases. 

<s The shuttle vector can be introduced into the ultimate recipient cell, typically a bacterium of the family 
Rhizobiaceae (which contains the genus Agrobacterium ), by a tri-parental mating (Ruvkin & Ausubel, supra), 
direct transfer of a setf-mobilizable vector in a bi-parental mating, direct uptake of exogenous DNAby 
Agrobacterium cells ("transformation-, using the conditions of M. Holsters et al. (1978) Molec. Gen. Genet 
163:181-187), by spheroplast fusion of Agrobacterium with another bacterial"cell, by uptake of liposome- 

so encapsulated DNA, or infection with a shuttle vector that is based on a virus that is capable of being 
packaged in vitro. A tri-parental mating involves the mating of a strain containing a mobilizable plasmid, 
which carries genes for plasmid mobilization and conjugate transfer, with the strain containing the shuttle 
vector. If the shuttle vector is capable of being mobilized by the plasmid genes, the shuttle vector is 
transferred to the recipient cell containing the large genome, e.g. the Ti or Ri plasmids of Agrobacterium 

55 strains. — 

After the shuttle vector is introduced into the recipient cell, possible events include a double cross over 
with one recombinational event on either side of the marker. This event will result in transfer of a DNA 
segment containing the marker to the recipient genome replacing a homologous segment lacking the insert 
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To select for cells that have lost the original shuttle vector, the shuttle vector must be incaoable of 
replicating in the ultimate host cell or be incompatible with an independently selectable plasmid pnZxMna 
j in the recipient cell. One common means of arranging this is to provided as the third parent another olasmM 

which is incompatible with the shuttle vector and which carries a different drug resistance marker 
( s Therefore, when one selects for resistance to both drugs, the only surviving cells are those in which the 
marker on the shuttle vector has recombined with the recipient genome. If the shuttle vector carries an extra 
marker, one can then screen for and discard cells that contain plasmids resulting from a single cross-over 
event between the shuttle vector and the recipient plasmid resulting in cointegrates in which the entire 
shuttle vector is integrated with the recipient plasmid. If the foreign genetic material is Inserted into or 
adjacent to the marker that is selected for. it will also be integrated into the recipient plasmid as a result of 
the same double recombination. It might also be carried along when inserted into the homologous fragment 
at a spot not within or adjacent to the marker, but the greater the distance separating the foreign genetic 
matenal from the marker, the more likely will be a recombinational event occurring between the foreign 
genetic material and marker, preventing transfer of the foreign genetic material. 

If the shuttle vector is used to introduce a phenotypically dominant trait (e.g. a novel expressible 
insecticide structural gene, but not an Inactivated oncogenic T-DNA gene) one need not rely on a double 
homologous recombination. The cells resulting from a single cross-over event resulting In cointeorate 
plasmids can transfer the desired trait into plant cells. One may even use a variant shuttle vector having a 
single uninterrupted sequence of T-DNA. However, as the resulting T-DNA will now contain a tandem 
duplication, one must be vigilant regarding a possible rare deletion of the shuttle vector by a single 
homologous recombination event occurring between the two homologous sequences in either the Aorobac- 
tenum or plant cells. ' 

Shuttle vectors have proved useful in manipulation of Agrobacterium plasmids: see D. J Qarfinkel et al 
(1981) Cell 27:143-153, A. J. M. Matzke & M.-D. Chirton (1981) J. Molec. Appl. Genet 1:39-49 and! 
Leemans et at (1981) J. Molec. Appl. Genet 1:149-164. who referred to shuttle vectors by the term 
"intermediate vectors'. ~ 
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A recently disclosed variation of the shuttle vector system for inserting changes into large ONA 
molecules is the -suicide vector". In this system, as described by R. Simon et al. (1983) in Molecular 
Genetics of Bacteria-Plant Interaction (A. Puhler.ed.) Springer Verlag. Berlin, the shuttle vector is incapable 
of being maintained within the recipient ceO. This property eliminates the need to introduce an incompatible 
plasmid into the recipient cell in order to exclude the shuttle vector as is commonly done during a 
toparental mating. All vectors which do not integrate into some already present DNA effectively "commit 
suicide by not being replicated. As can be done with traditional types of shuttle vectors, one may 
distinguish between double and single homologous by screening for an antibiotic resistance gene which is 
not between the two regions of homology. Use of a pBR322-based suicide vector to transfer DMA 
sequences into a Ti plasmid has been reported by E. Van Haute et al. (1983) EMBO J. 2-411-417 and L 
Comai et al. (1982) Plant Motec. Bid. 1291-300. ~~ -" ' 

An alternative to the use of shuttle vectors for introduction of novel DNA sequences into T-DNA by 
means of homologous recombination involves bacterial transposes. As described in the section 
Agrobacterium-Genes on the TIP Plasmids. transposes can "jump" into the T-DNA of a TIP plasmid (e a 
seeD. J. Qarfinkel et al. (1981) Cell 27:143-153). Should the transposon be modified in vitro by the insertion 
of the novel sequence, that novel DNA can be transferred into the TIP plasmid's T-DNAby the transposon 
The TIP can then transfer the novel DNAftransposorvT-DNA combination to a plant cell where it win be 
stably integrated. 

45 

Agrobacterium-Overview 

Included within the gram-negative bacterial family Rhizobiaceae in the genus Agrobacterium are the 
spec.es A. tumefaaens and A. rhizogenes . These species are respectively the cau sal agents of cr own gall 

so disease and hairy root disease of plants. Crown gall is characterized by the growth of a nail of 
urxiifferentated tissue. Hairy root is a teratoma characterized by inappropriate induction of roots in infected 
tssue. In both diseases, the inappropriately growing plant tisssue usually produces one or more amino acid 
derivatives, known as opines, not normally produced by the plant which are catabolized by the infecting 
bacteria. Known opines have been classified into three main families whose type members are octopine 

ss nopaline^nd agropine. The cells of inappropriately growing tissues can be grown in culture, and. under 1 " ^ 

appropnate conditions, be regenerated into whole plants that retain certain transformed phenotypes 

Virulent strains of Agrobacterium harbor large plasmids known as Ti ihinw-inH.^ngi pi— , n A 
tumefaciens and Ri (root-inducing) plasmids in A. rhizogenes . Curing a strain of these plasmids results in~a 
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loss of pathogenicity. The Ti plasmid contains a region, referred to as T-ONA (transferred-DNA) which in 
tumors is found to be integrated into the genome of the host plant. The T-DNA encodes several transcripts 
Mutational studies have shown that some of these are involved in induction of tumorous growth. Mutants in 
the genes for tml. ttnr. and tms. respectively result in large tumors (in tobacco), a propensity to generate 
roots, and a tendency for shoot induction. The T-ONA also encodes the gene for at least one opine 
synthase, and the Ti plasmids are often classified by the opine which they caused to be synthesized Each 
of the T-ONA genes is under control of a T-ONA promoter. The T-DNA promoters resemble eukaryotJc 
promoters in structure, and they appear to function only in the transformed plant cell. The Ti plasmid also 
cames genes outside the T-DNA region. These genes are involved in functions which include opine 
catabolism, oncogenicity, agrocin sensitivity, replication, and autotransfer to bacterial cells. The Ri plasmid 
is organized in a fashion analogous to the Ti plasmid. The set of genes and DNA sequences responsible for 
transforming the plant cell are hereinafter collectively referred to as the transfcxrnatlon-inducing principle 
(TIP). The designation TIP therefore includes both Ti and Ri plasmids. The integrated segment of a TIP is 
termed herein "T-DNA" (transferred DNA). whether derived from a Ti plasmid or an Ri plasmid 

M.-D. Chitton (June 1983) Sd. Amer. 248(6):50-59, has recently provided an introductory article on the 
use of Ti plasmids as vectors. Recent general reviews of Agrobacterium -caused disease include those by 
D. J. Merlo (1982). Adv. Plant Pathol. 1:139-178. L. W. Ream & M. P. Gordon (1982). Science 218 854-859 
and M. W. Bevan & M.-D. Chilton (1982). Ann. Rev. Genet 18:357-384; G. Kahl & J. Schell (198»~Molecular 
Biology of Plant Tumors , and K. A. Barton & M.-D. Chilton (1983) Moth. Enzymol. 101 :527-539. 

Agrobacterium-lnfectJon of Plant Tissues 

Plant cells can be transformed by Agrobacterium in a number of methods known in the art which 
include but are not limited to co-cultivation of plant cells in culture with Agrobac terium. direct infection of a 
plant, fusion of plant protoplasts with Agrobacterium spheroplasts. direct transformation by uptake of free 
DNA by plant cell protoplasts, transformation of protoplasts having partly regenerated cell walls with intact 
bacteria transformation of protoplasts by liposomes containing T-DNA. use of a virus to carry in the T-DNA. 
microinjection, and the like. Any method will suffice as long as the gene is reliably expressed, and is stably 
transmitted through mitosis and meiosis. 

The infection of plant tissue by Agrobacterium is a simple technique well known to those skilled in the 
art (for an example, see D. N. Butcher et at. (1980) in Tissue Culture Method s for Plant Pathologists eds - 
a a. Ingram & J. P. Helgeson. pp. 203-208). Typicall y a plant is wounded by any of a number of ways 
which include cutting with a razor, puncturing with a needle, or rubbing with abrasive. The wound is then 
inoculated with a solution containing tumor-Inducing bacteria. An alternative to the infection of intact plants 
is the inoculation of pieces of tissues such as potato tuber disks (D. K_ Anand & G. T. Heberlein (1977) 
Amer. J. Bot. 64:153-158) or segments of tobacco stems (K. A. Barton, et al. (1983) Cell 32 1033-1043) 
After induction, the tumors can be placed in tissue culture on media tacking phytohormoms. Hormone 
independent growth is typical of transformed plant tissue and is in great contrast to the usual conditions of 
growth of such tissue in culture (A. C. Braun (1956) Cancer Res. 16:53-56). 

Agjpbacterium is also capable of infecting isolated cells and" cells grown in culture (L Marlon et al 
(1979) Nature 277:129-131) and isolated tobacco mesophyll protoplasts. In the latter technique, -after 
allowing time for partial regeneration of new cell walls. Agrobacterium cells were added to the culture for a 
tme and then killed by the addition of antibiotics. Only those cells exposed to A. tumefaciens cells 
harboring the TI plasmid were capable of forming call! when plated on media lacking~h ormone. Mos t call! 
were found to contain an enzymatic activity involved in opine anabolism. Other workers (R. B Horsch & R 
T. IFraley (18 January 1983) 15th Miami Winter Symposium) have reported transformations by CO- 
cutovatoon. leading to a high rate (greater than 10%) of call! displaying rwrmone-irxJependent growth, with 
95% of those call! making opines. M. R. Davey et al. (1980) In Ingram & Helgeson. supra, pp. 209-219 

describe the infection of older cells that had been regenerated from protoplasts. 

Plant protoplasts can be transformed by the direct uptake of TIP plasmids. M. R. Davey et al. (1980) 
Plant Sd. Lett 18:307-313. and M. R. Davey et al. (1980) in Ingram & Helgeson. supra, wire" able to 
transform Petunia protoplasts with the TI plasmid in the presence of poly-L-u-omithine~toa phenotype of 
opine synthesis and hormone-independent growth in culture, it was later shown (J. Draper et al (1982) Plant 
and Cell Physiol. 23:451-458. M. R. Davey et a). (1982) in Plant Tissue Cultu re 1982. eaTATFuiiwara. pp. 
515-518) that polyethylene gly col-stimulated Ti plasmid uptake and that some T-DNA sequences were 
|rtegrated into the genome. F. A. Krens et al. (1982) Nature 296:72-74. reported similar results using 

, y !^^ n6 , 9 y ^ f0ltowin9 by 8 shock ' »»uflh their date suggests that the integrated T-DNA 

included flanking Ti plasmid sequences. 
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^ alternative method to obtain DMA uptake involves the use of liposomes. The preparation of DNA 
^tair^ng liposomes is taught by Papahadjopoulos In US Patents 4,078.052 and 4.235,871 ^e^afions for 
^oduction of TVONA via liposomes have been reported (T. Nagata et ^B^^u^^^ 

SE^JSS ? 1^ r6m0Val ° f ** 0611 Wal,S - ^ exam * te * technique is the transfo^ 
Si " ff^™" 1 by S. Hasezawa et al (1981) Mol. GeTZeT 

^"SSSSJT » - — — <^-<* * H— . « * 

. J*° N V an ** ^ ansmitt9d to tssue regenerated from a fusion of two protoplasts, only one of which had 

Oj^^^sne^oo of Plants, T-DNA can pass through meiosis and be" transmitted to progeny as a simple 

Agrobacterium-RegeneratJon of Plants 

Differentiated plant tissues with normal morphology have been obtained from crown gaTI tumors A. C 
£Z i£ W< Si 19 I! ) PrOC Natl - M USA 73:496-500. grafted tobaccoT^^r^ 
^ Iv^JT ab l tD ^ 0Wain n0rma " y appearin « ^"^ch could flower. The shoots retained tr«^Z 
40 8 r independenUy of Phytohormones when placed in culture. In tr» £2 
ZZ^SfV? P" 6 " 0 *** "* to be transmitted to progeny, apparently Sng 

tost dunng meiosis (R Turgeon et al. (1076) Proc. Natl. Acad. Sci. USA 73-35e*35e4» p£Z JLhfeS 

tZX^ZrZZfZT 3 ' W «** W6re *« ^ Ja^^eSytl^ 

n^fJ^ (F ' M - Yanfl 91 ^ < 1980 > "» >»Wi F. Yang et al. (1980) Motec GerT 

^L^Z ' * ^ J - ^^57^353-378). Ze^-later^^p^ 

*at had become revertants after hormone treatment (ImgOnefn) showed that plants which hrf^one 
I^ m ^! WUfih ' 0OSinfl T " DNA genBS ««PO"sible for the transformed ph^pe^ouW rS£ 
^^inTw^r, 5 ?' T " DNA (F - Ya "° * R - 8 Simpson (1981) ?TZ^t £>l 
SII HiI?" 8 - - (1981) 0611 ?1 :719 - 724 . ^rther demonstrated that genes involved in 

SiSKSLT?^? ^^through-meiosis though the piants were male M 7J 

Sa T^^^if^r^ 8 Mend8,ian ,ashi0fl (G - Wu,tems « * < 1982 > in »+—. 
supra). L. Often et al. (1981) Molec Qen. Genet. 183:209-213. used Tn7 transoosdr^narataH n 

U iZTSS «^L^?'t^ ^ ."J. 10 ,0rm S8l, - ,erti,e "o*" 8 - resutert seeds germinated 
^J^^fT^L 0NA made 0pines - 10 A"*" experiments. H. DeGreve eta. (1982) 
J^ ^'^ j n^ W*** «" -hented as a single dominanT MerS 

SeUaCTorTJh?^^ SUSte '? d 8Xt9nSiVe de,etions of ,unctions other than ocs while undergoing 
STSTte^r^J'r ^ With 8 — I"**-™™"*) mutant showed that UHmJ^J. 

rJllTlSSSrW m !?l S 10 Pf °° eny - in P"* 8 "* "opaline genes coSd be 
expressed, though at variable levels, and that cotransformed yeast alcohol dehydrogenase I gene was not 

TSSZiZ^tt^^F^ * " 0W *" ^"e^ssueTwfTJS 

Roots resulting from transformation from A. rhizogenes have proven relatively easy to regenerate 
directly into planttets (M.-D. Chilton et al. (1982) Na ture 295:432 -434. regenerate 

Agrobacterium-Genes on the TIP Plasm ids 

octoiineolalS VSL^ ^ *" ^ °* *• TIP P ,asmids - ^ • clozen 

S^i 7^? J-DNA transcnpts have been mapped (S. B. Gelvin et al. (1982) Proc. Natl. Aced. Sci. 

SmS* tf^', /Sc^ ^ 0982) EMB0 J - 1 :13 ^ 1 «> and somi-fSnctions have been assjid h5 
in^Z ^ EMB ^ J - - 14? - 152) - S ° me °' ^ *P«Hfically those in the^ion 

^ 1)6 ,ranSCribed ln ^ < G - Schreder et al. (1983, EMBO^ 

m uS^L^.S iT 3 ° 80 ° CtOP ' ne p,asmid ^ been well defined by transposes 
mutagenesis include tms. tmr. and tml (D. J. Garfinkel et al. (1981) Cell 27:143-153) Ti plasmidsX^ch 
^mutator* in these genes res^ictivery incite tumors calli of Ni^TanrteSum S gent ate 
shoots, prolrterate roots, and are larger than normal. In other hosts, mlninti^f S^Ts^d^ 
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different phenotypes (see M. W. Bevan & M.-D. Chilton (1982) Ann. Rev. Genet 16:357-384). The 
phenotypes of tms and tmr are correlated with differences in the phytohormone levels present in the tumor 
The differences in cytokininiauxin ratios are similar to those which in culture induce shoot or root formation 
in untransformed callus tissue (D. E. Akiyoshi et aj. (1983) Proc. Natl. Acad. Sci. USA 80:407-411) T-DNA 
containing a functional gene for either tms or tow alone, but not functional tml alone, canpromote significant 
tumor growth. Promotion of shoots and roots is respectively stimulated and inhibited by functional tml (L W 
Ream et al. (1983) Proc. Natl. Acad. Sci. USA 80:1660-1664). Mutations in T-DNA genes do notleem to 
affect the insertion of T-DNA into the plant genome (Leemans et al. (1982) supra. Ream et al. (1983) supra) 
The pes gene encodes octopine synthase, which has been sequenced by FTDe Greve it al. (1982) J~Mol 
AppirSenet 1:499-511. It does not contain introns (intervening sequences commonly found in eukaryotic 
genes which are post-transcriptionally spliced out of the messenger precursor during maturation of the 
mRNA) It does have sequences that resemble a eukaryotic transcriptional signal (TATA box") and a 
polyadenylation site. All of the signals necessary for expression of the ocs gene are found within 265 bp of 
the ocs transcriptional start site (C. Koncz et al. (1983) EMBO J. 2:15670603). 

Nopaline Ti plasmids encode the nopaline synthase gene~(nos). which has been sequenced by A. 
Depicker et aJ. (1982) J. Mot. Appl. Genet. 1:561-573. As waTTound with the ocs gene, nos is not 
interrupted by introns. It has two putative polyadenylation sites and a potential "TATAbox". In contrast to 
ocs. nos is proceeded by a sequence which may be a transcriptional signal known as a "CAT box". All of 
the signals necessary for expression of the nos gene are found within 261 bp of the nos transcriptional start 
site (C. Koncz et al., supra ). A gene for agrocinopine synthase and genes equivatentto tms and tmr have 
been identified on a nopaline-type plasmid (H. Joos et al. (1983) Cell 32:1057-1067). ihd a number of 
transcripts have been mapped (L. Willmitzer et al. (1983) Cell 32:1045-1056): J. C. McPnersson et al (1980) 
Proc. Natl. Acad. Sci. USA 77:2666-2670. reported the in vitro translation of T-DNA encoded mRNAs from 
crown gall tissues. 

Transcription from hairy root T-DNA has also been detected (L Willmitzer et al. (1982) Mol. Gen. 
Genet. 186:16-22). Functionally, the hairy root syndrome appears to be equivaJenToTa crown gall tumor 
incited by a Ti plasmid mutated in tmr (F. F. White & E. W. Nester (1980) J. Bacterid. 144:710-720. 

In eukaryotes. methylation (especially of cytosine residues) of DNA is correlated~wHh transcriptional 
inacbvation; genes that are relatively under methylated are transcribed into mRNA. S. B. GeMn et al 
(1983) Nucleic Acids Res. 11:159-174. has found that the T-DNA in crown gall tumors is always presentTh 
at least one unmethylated copy. That the same genome may contain numerous other copies of T-DNA 
which are methylated suggests that the copies of T-DNA in excess of one may be biologically inert (See 
also G. Oomsetal. (1982) Ce* 30:588-597.) 

The Ti plasmid encodes other genes which are outside of the T-DNA region and are necessary for the 
infection process. (See M. Holsters et al. (1980) Plasmid 3:212-230 for nopaline plasmids. and H. De Greve 
et al. (1981) Plasmid 6:235-248. D. J."Garfinkel and E. W. Nester (1980) J. Bacterid 144:732-743. and G 
Ooms (1980) J. Bacteriol 14432-91 for octopine plasmids). Most important are the oncgenes. which when 
mutated result in Ti plasmids incapable of oncogenicity. (These loci are also knowFas vir. for virulence.) 
Several one genes have been accurately mapped and have been found to be located in regions conserved 
among various Ti plasmids (H. J. KJee et al. (1983) J. Bacteriol. 153:878-883. V. N. Iyer et al. (1982) Mol. 
Gen. Genet 188:418-424). The one genes function in trans , being capable of causing thefransformation of 
plant cells with T-DNA of a different plasmid type and physically located on another plasmid (J. Hille et al 
(1982) Plasmid 7:107 118. H. J. Wee et aJ. (1982) J. Bacteriol 150:327-331. A. J. de Framond et al. (1983) 
Biotechnol. 1:282-269). Nopaflne Ti DNA has direct repeats of about 25 base pairs imrnediately"adTacent to 
the left and right borders of the T-DNA which might be involved in either excision from the Ti plasmid or 
integration into the host genome (N. S. Yadav et aJ. (1982) Proc. Natl. Acad. Sci. USA 79:6322-6326) and a 
*°™*^*f ^"T 08 1,88 been observed adjacent to an octopine T-DNA border (R7b. Simpson' et al. 
(1982) Cell 29:1005-1014). Opine catabolism is specified by the occ and noc genes, respectively, "of 
octopine- and nopaline-type plasmids. The Ti plasmid also encodes functions necessary for its own 
reduction including an origin of replication. Ti plasmid transcripts have been detected in A. tumefadens 
cells by S. B. GeMn et al. (1981) Plasmid 6:17-29. who found that T-DNA regions were weakl y transcrib ed 
along with non-T-DNA sequences. Ti plasmid-determined characteristics have been reviewed by Merto 
supra (see especially Table II). and Ream & Gordon supra, 

Agrobacterium-TIP Plasmid DNA 

Different octopine-type Ti plasmids are nearly 100% homologous to each other when examined by DNA 
hybndization (T. C. Currier & E. W. Nester (1976) J. Bacteriol. 126:157-165) or restriction enzyme analysis 
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(D. Sciaky eteJ. (1978) Plasmid 1:238-253). Nopalina-type Ti plasmids have as little a» 67*. h~™.~ . 
^Z^^j.^^^ ^ °' *• *"» '^09~s region, wer'e suZiLnnTo 

Bacterid. 144:710-720) and nopaline (G. Risuleo et al nm^iaJn* ilZu^x 1 ' V7 ster (1980 > J - 
regions erring one flenesTx-D^ ooZt "xtL^^^^^ 
types of 71 ptasmldlL Willmitzer et al. (1982) Mol. Gen Genet 1 8^8.™ r^nu a ^ ^ bo * 
Nicotiana glauca contain, sequence-referred toas cT-DNA £fi£ £S*T2 ^^J**** 

M BtoM^'lS' G ' ^I^iT ~ (1983) * L Spa* ^al^Oea^Pto^cic 8 

oo P.NuTe a- 09^P^t£T^ VEfl V^Z - ~ ^ ^I* 58 "*") the nucleus (M 

(i98o T 4c ( Z ^fi.^f 4) ^17 - - (1980) MB *- - 359 - 361 - M - D - ( * flton « 

(l4 'cJT^-^^K^T *ZL**~ USA and M. F. T*>mashow et a,. 

T«y vu. j. Nieno et a. (1980) Molec. Gen. Genet 177:637-643) A com of t nmi ;» m^m. 
homologous to nopaline T-DNAjChilton et al. (1978) supra and Deleter rtii mo^T ^ • 0 * 

after int™«*« i« Jf^ J* - ( * B 589 " 597 - that though T-DN A is occasion ally deleted 

nucleotide ff> 7»J*~^ . , 70 1)386 P a,rs whll « «*e right unction varies!5~rnore than a sinole 
o S32 2£^«£?? J - MOleC " Genet i :361 - 37 °)- W» " "ght borders in juncX 
origTa^ cXe^^S L^l t^r" bp. The spacers were of 'unknown 
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eliminated after deletion of either of the usual nopaline T-DNA borders. 

Simpson et aJ. (1982) supra, and ZambrysM et al. (1880) supra have suggested that direct repeats in 
the border regions are Involved In integration of T-DNA into ptenTDNA. That T-DNA having borders from 
two different Ti plasmids are less specifically integrated than are homologous borders supports this 
suggestion (G. Ooms et al. (1882) Plant Motec. Biol. 1465-276). 

N. S. Yadav et ah (1882) Proc. Natf. Acad. So'. USA 79:6322-6326. have found a chi site, which in the 
bactenophage X augments general recombination in the surrounding DMA as far as lOTdfebases away in a 
nopaline Ti plasmid just outside the left end of the T-DNA. R. B. Simpson et al. (1982) Cell 29-1005-1014 
have not observed a chi sequence in an octopine Ti plasmid. though the possible range of action does not 
eliminate the possibility of one being necessary and present but outside of the region sequenced The 
significance of the chi In the Ti plasmid is not known. If the chi has a function, it is probably used in 
Agrobacterium and not in the plants, as chi is not found wtttifiTthe T-DNA. 

Agrobacterium-ManlpulatJons of the TIP Plasmids 

As detailed in the section on Shuttle Vectors, technology has been developed for the introduction of 
altered DNA sequences into desired locations on a TIP plasmid. Transposons can be easily inserted using 
this technology (D. J. Garfinkel et aJ. (1981) Cell 27:143-153). J.-P. Hemalsteen et al. (1980) Nature 
287:654-656. have shown that a DNA sequence (here a bacterial transposon) inserted Tnt6~T-DNA in the Ti 
plasmid is transferred and integrated into the recipient plant's genome. Though insertion of foreign DNA has 
been done with a number of genes from different sources, to date foreign genes have not usually been 
expressed under control of their own promoters. Sources of these genes include alcohol dehydrogenase 
(Adh) from yeast (K. A. Barton et aJ. (1983) Cell 32:1033-1043). Adhl (J. Bennetzen. unpublished) and zein 
from corn, interferon and gtooin from mammals, and the mammalian virus SV40 (J. Schell. unpublished) 
However, when the nopaline synthase gene was inserted into octopine T-DNA and transformed into plant 
tissue, it was found to be fully functional (C. L Fink (1982) M.S. thesis. University of Wisconsin-Madison). 
The gene encoding phaseolin. the storage protein found in seeds of the bean Phaseolus vulgaris L has 
been transferred into and expressed in sunflower tumors. This latter work constitutes the first example' of a 
transferred plant gene being expressed under control of its own promoter in foreign plant tissue. Transcrip- 
tion started and stopped at the correct positions, and introns were posttranscriptionalty processed property 
(J. C. Hall et al.. EP-A-0 122 781. which is hereby incorporated by reference). M. Holsters et al. (1982) Mol 
Gen. Genet 185483-289. have shown that a bacterial transposon (Tn7) inserted into T^DNA could be 
recovered in a fully functional and seemingly unchanged form after integration into a plant genome 

Deletions can be generated in a TIP plasmid by several methods. Shuttle vectors can be used to 
introduce deletions constructed by standard recombinant DNA techniques (Cohen & Boyer US Pat 
l 23 n^ 4> Del6ti0nS with 008 Predetermined end can be created by the improper excision of transposons 
(B. P. Koekman et at (1979) Plasmid 2:347-357. and G. Ooms et al. (1982) Plasmid 7:15-29) J Hille & R 
Schilperoot (1981) Plasmkf 6:151-154. have demonstrated that deletions having both eTids at predetermined 
positions can be generated by use of two transposons. The technique can also be used to construct 
"recombinant DNA" molecules in vivo. 

The nopaline synthase gene naTbeen used for insertion of DNA segments coding for drug resistance 
that can be used to select for transformed plant cells. In plant cells, the kanamycin resistance gene from 
Tn5 is not transcribed under control of Hs own promoter (J. D. Kemp et al. (18 May 1982) BeHsville Symp. 
VII. Bettsville. MD. to be published (1983) in Genetic Engineering: Applic ations to Agriculture, ed. L D 
Owens; and C. L Fink (1982) supra ). M. W. Bevan et al. (198 3) Nature 304:184-187 and R. t. F ratey et al. 
' 1 h 983 >^ roc _ i Na,J - Acad ' S<* USA 80:4803-4807. haVlnserted the kaninTycin resistance gene (neomycin 
phosphotransferase 10 from Tn5 behind (i.e. under control of) the nopaline promoter. The construction was 
^ to . tr r S,0fm p * ant 081,8 whicn ln displayed resistance to kanamycin and its analogs such as 

Slii - - 08 J8nuary 1883) 15,h Miami W" 16 ' Symp.(see also J. L Marx (1983) Science 
218:830). reported a similar construction, in which the methotrexate resistance gene (dihydrofolate reduc- 
tase) from Tn7 was placed behind the nopaline synthase promoter. Transformed cells were resistant to 
methofrexate. Similarly. L Herrera-Estrella et al. (1983) Nature 303409-213. have obtained expression in 
plant cells of enzymatic activity for octopine synthase and diloramphenicol acety (transferase, an enzyme 
which in bacteria confers resistance to chloramphenicol, by placing the structural genes for these two 
enzymes under control of nos promoters. 

T. C. Hall et al.. EP-AK) 126 546, which is hereby incorporated by reference, have fused the ocs 
promoter and the 5' end of the octopine synthase structural gene to the structural gene for the bean seed 
protein phaseolin. A fusion protein having the amino terminus of octopine synthase and lacking the amino 
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terminus of phaseolin was produced under control of the T-DNA promoter. The Introna, which were 
contributed by the phaseolin sequences, were posttranscriptionally processed property. 

A. J. de Framond et al. (1983) Biotechnol. 1:262-269, has reported on the construction a "minKR 
plasmid''. In the nopaline T-DNA there is normally only one site cut by the restriction enzyme Kpnl. A 
mutant lacking the site was constructed and a Kpnl fragment, containing the entire nopaline T-DNATwas 
isolated. This fragment together with a kanamycin resistance gene was inserted into pRK290, thereby 
resulting in a plasmid which could be maintained in A. tumefaciens and lacked almost all non-T-DNA Ti 
sequences. By itself, this plasmid was not able to transform plant cells. However when placed in an A. 
tumefaciens strain containing an octopine Ti plasmid, tumors were induced which synthesized both octopine 
and nopaline. The mini-Tl piasmids have also been transferred into plant cells when complemented with a 
Ti plasmid deleted for its own T-DNA. These results indicated that the non-T-DNA functions acted in trans 
with T-DNA, that the missing nopaline TI plasmid functions were complemented by the octopine Ti plasmid; 
and that the nopaline "mini-Ti" was functional in the transformation of plant cells. A similar pair of 
complementing piasmids, each containing either octopine T-DNA or one genes, has been constructed by A. 
Hoekema et al. (1983) Nature 303:179-180, — 

Chilton et aJ. (18 January 1983) 15th Miami Winter Symp.. also reported on the construction of a 
•micro-TT plasmid made by resectioning the mini-Ti with Smal to delete essentially all of T-DNA but the 
nopaline synthase gene and the left and right borders. The micrc-Ti was inserted into a modified pRK290 
plasmid that was missing its Smal site, and was employed in a manner similar to mini-Ti, with comparable 
results. 


SUMMARY OF THE INVENTION 


One object of this invention is to confer pest resistance, specifically insect resistance, to a plant In 
pursuance of this goal, other objects are to stably insert a gene coding for an insecticidal protein into the 
genome of the plant cell, to have this gene expressed in plant tissues, for the expression to be either 
regulated or constitutive, and for the plant tissues to be in a normal plant. Another object is to provide novel 
specialized insecticidal tissues for a plant in particular a means for producing on a normal dfeot a gall 
which contains within its tissue an insecticidal protein. Other objects and advantages will become evident 
from the following description. 

The invention disclosed herein provides a plant comprising a genetically modified plant cell having an 
insecticide structural gene introduced and expressed therein under control of a plant expressible promoter. 
Further, the invention provides plant tissue comprising a plant cell whose genome includes T-DNA 
comprising an insecticide structural gene inserted in such orientation and spacing with respect to a plant 
expressible promoter as to be expressible in the plant cell under control of that promoter. Also provided are 
novel strains of bacteria containing and replicating T-DNA, as defined herein, the T-DNA being modified to 
contain an inserted insecticide structural gene in such orientation and spacing with respect to a plant 
expressible promoter as to be expressible in a plant cell under control of said promoter. Further, the 
invention provides novel piasmids having the ability to replicate in E. cofi and comprising T-DNA, and 
further comprising an insecticide structural gene inserted within T-DNA contained within the plasmid, in 
such manner as to be expressible in a plant cell under control of a plant expressible promoter. Additionally, 
this invention discloses novel piasmids wherein the insecticide structural gene is capable of expression in E. 
coli or Bacillus subtillis, and furthermore discloses strains of bacteria harboring said bacterial expression 
piasmids. 

The present invention comprises an insecticide structural gene under control of a promoter expressible 
in plant cells, said promoter/gene combination being inserted into a plant cell by any means known to the 
art. More specifically, in its preferred embodiment the invention disclosed herein further comprises 
expression in plant cells of an insecticide structural gene under control of a plant expressible promoter, after 
introduction via T-DNA. that is to say, by inserting the insecticide structural gene into T-DNA under control 
of a plant expressible promoter and introducing the T-DNA containing the insert into a plant cell using 
known means. 

The invention is useful for genetically modifying plant tissues and whole plants by Inserting useful 
insecticide structural genes from various bacterial species or strains. Such useful insecticide structural 
genes include, but are not limited to, the genes coding for insecticidal proteins as defined below, especially 
the crystal protein of Bacillus thuringiensis . related proteins, and the like. The invention Is exemplified by 
introduction and expression of a structural gene for a crystal protein from B. thuringiensis var. kurstaki HD- 
73 into cotton or tobacco plant cells. Once plant cells expressing an insecticide structural gene under 
control of a plant expressible promoter are obtained, plant tissues and whole plants can be regenerated 
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therefrom using methods and techniques well known in the art. The regenerated plants are then reproduced 
by conventional means and the introduced genes can be transferred to other strains and cultivars by 
conventional plant breeding techniques. 

The introduction and expression of the structural gene for an insecticidal protein can be used to protect 
a crop from infestation with insect larvae such as homworrn (Manduca sp.) or European com borer (Ostrinia 
nubilaiis). Other uses of the invention, exploiting the properties of other insecticide structural" genes 
introduced into other plant species will be readily apparent to those skilled in the art The invention in 
principle applies to any introduction of an insecticide structural gene into any plant species into which 
foreign DNA (in the preferred embodiment T-DNA) can be introduced and in which said DNA can remain 
stably replicated. In general these taxa presently include, but are not limited to, gymnosperms and 
dicotyledonous plants, such as sunflower (family Compositeae), tobacco (family Solanaceae), alfalfa, 
soybeans and other legumes (family Leguminoseae), cotton (family Malvaceae), and most vegetables. Pests 
which may be controlled by means of the present invention and the crops that may be protected from them 
include, but are not limited to, those listed in Tables t and 2, respectively. Because of its susceptibility to a 
number of larvae, cotton is an ideal choice for the insertion of an insecticidal protein gene. Each of the 
following is a major cotton pest and is also susceptible to the B. thuringiensis insecticidal protein: Heliothis 
zea (cotton bollworm), Pectfonophora gossypiella (pink bollworm), Heliothis virescens (tobacco budworm), 
Trichoplusia ni (cabbage tooper). Application of insecticidal protein prepared from sporulating B. thuringierH 
sis does not control insects such as the pink bollworm in the field because of their particular life cycles and 
feeding habits. A plant containing in its tissues insecticidal protein will control this recalcitrant type of insect, 
thus providing advantage over prior insecticidal uses of B. thuringiensis . By incorporation of the insecticidal 
protein into the tissues of a plant the present invention additionally provides advantage over such prior 
uses by eliminating instances of nonuniform application and the costs of buying and applying insecticidal 
preparations to a field. Also, the present invention eliminates the need for careful timing of appfication of 
such preparations since small larvae are most sensitive to insecticidal protein and the protein is always 
present, minimizing crop damage that would otherwise result from preapplication larval foraging. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 presents the sequence of the crystal protein gene of pi 23/58-10. described in Example 1. 

Figure 2 presents a map of restriction sites and transcripts of the T-DNA of pTi15955. 

Figure 3 is a diagram of a construction described in Example 2 of a recombinant DNA vector carrying 
an insecticide structural gene under control of a plant expressible promoter. 

Figure 4 is a diagram of the construction described in Example 11 of a plasmid having an insecticidal 
protein structural gene. 

DETAILED DESCRIPTION OF THE INVENTION 

The following definitions are provided, in order to remove ambiguities to the intent or scope of their 
usage in the specification and claims. 

T-DNA; A segment of DNA derived from the transformation-inducing principle (TIP) which becomes 
integrated in the plant genome. As used herein, the term includes DNA originally derived from any tumor- 
inducing strain of Agrobacterium including A. tumefaciens and A. rhizogenes , the inserted segment of the 
latter sometimes referred to in the prior art as R-DNA. In addition, as used herein the term T-DNA includes 
any alterations, modifications, mutations, substitutions, insertions and deletions either naturally occurring or 
introduced by laboratory procedures, a principal structural requirement and limitation to such modifications 
being that sufficient portion of the right and left ends of naturally-occurring T-DNAs be present to insure the 
expected function of stable integration in the transformed plant cell genome which is characteristic of T- 
DNA. The T-DNA may itself be a composite of segments derived from a plurality of sources, naturally 
occurring or synthetic. In addition, the T-DNA must contain at least one plant expressible promoter, 5' or 
•upstream" from the site of insertion of the insecticide structural gene, in sufficiently complete form to 
control initiation of transcription and initiation of translation of an Inserted insecticide structural gene. This 
promoter may be derived from a T-DNA gene, a plant gene, or any other gene having a promoter that is 
functional within a plant cell in at least one tissue and at least one developmental stage. Preferably, an 
insertion site will be provided "downstream* in the direction of transcription and translation initiated by the 
promoter (3' to the promoter), so located with respect to the promoter to enable an insecticide structural 
gene inserted therein to be expressed under control of the promoter, either directly or as a fusion protein. 
The T-DNA may also include a 3*-untranslated region downstream from the site of insertion of the 
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insecticide structural gene, which may function to regulate termination of transcription, polyadenylation and 
^'^ "1^ £T*' n9 0ptiona1 ^ a ^tein may also be formed oeLen 
ode structural gene and the 3* end of the structural gene donating the 3'-untranslated region. The promoter 
„ ^ ri 3 " U ^T 3 ^l regi0n e!8mentS ma * * *** fr om »• same, or different preWng genet aTmay 
™« ^L $an,e * Plant - T - DNA - » other sources. For examSTan insecSs^S 

gene, as exemplified herein, couid be nested between a plant gene promoter*^ 3' s^u^froTS 

TllTL^^Jll C ° mpri8in8 *• ^ansied ^ion of one gene3£ pZcS 

of another, derived from the same or different plant species or T-DNA. The coding region of a olamW 

,o u^X£ fined - ""V* 8 CDNA °°" °' *• P°ti- of a plan^XpTon^teT^ 

oTrSS^rS her t n l !2 c,udes re « ula,0f V elements, and may further include structural elements. 
*?jf? 9 ° n9 ^ d etem ! ntS be ' nfl eX09en ° US 10 *• 8 9nes of T-DNA itself. These include, but are no 
tamrted to. Promoters of the genes for phaseolin and the small subunit of rir*tose-1.5*sphosphate 

8 ^ fl6ne iS 8 <**™ of the gene which providesTaS'tay 

regulate thejnrtatwn of transcription and the initiation of translation. Additionally, the plant structural gem 

r^ 88 1 : 98l ° n "** 00(108 ,or 8 protein '» Part or '« whole and which may or may noSSn^ 
or more infrons) may be introduced into T-DNA. (An Intron is a region of a gene tra^pT^dTta 

^r^r"' :T Ved ^ *• mRNA 18 •»**'■> *P"»*n under c££ J^SS 
may take the form of direct expression in which the structural gene normally controlled by thV*oW Is 
removed in part or in whote and repteced by the inserted insecticide strucLi gene, a sWccZtL 
provided either a, a remnant of the piant structural gene or as part of the inserted insectidS^cSS 
S£h r^L T 6XPfeSSi0n in which part or all of the insecticide structural gene is inserted in 

%%L T? ST ^ Within 6Xistin9 p,am gene. In the tatter case, the ex^eSon 

^LT a T I 8 ! 8 fUSi °° Pro,ein - 1,18 may itself be a composite of s^» 

denved frorr .a plurality of sources, naturally occurring or synthetic. Sources of a plant promoter include but 
are not limited to. plants listed in Table 2. ^ ■naune. dot 

SEL^m "* IT n !y 8 " y 0CCumn9 Dromo,ers commonly associated with integrated 
T-DNA. These include, but are not limited to. promoters of the -1.6- transcript octopine svnthasToene 

fte T-DNA Expression under control of a T-DNA promoter may take the form of direct expression in which 
J^^ra^normalry controlled by the promoter is removed in part or in whole anTre^ b/£e 
Z^JIZZ** 8 **" b "' nfl « a remnant TSTwJ! 

wn^oT^ l^f^T" 1 'T* 1 ^ 6 or by fusion protein expression™ 

^s^rJ^.^lTf" 0606 18 lnSerted ,n ^ readino frame «*ase within the existing T- 
DNA structural gene. In the latter case, the expression product is referred to as a fusion protein The 

^oTtXT itSe " * 3 COmP °^ e °' **™ rtS « p-ur^ity ol TZrcS Z,^ 

Plant expressible promoter As used herein includes the definitions for T-DNA promoter and plant promoter 

^^TZ^^t^ °' <" 0moX « ° f the present in^onTmTSe' 

msectjode structural gene be under control of promoter expressible in a plant cell. Therefore plant 
e^essibte promoter additionally refers to any promoter expressible In a plant ceTwhS, is^edK 
£f? Z^TJZ? * T °? (teveto P mente l stage. Sources might include, but need not* limited to. 
£LT ^L£f JS ^ ^ and 19S transcripts of cauliflower mosaic virus. CaMV). animal 

ZtntZ^ e «- animaJs ' yaast). or plastJds (e.g. a chloroplast or prokaryotJc promoter H 

Je .nsectdde gene Is to be inserted into chloroplast DNA). Properties and components of a promoteTtnat 
s derived from a source that is not a plant DNA or T-DNA (e.g. -TATA boxes". ATG transLorTZl sitef 
LTlnSS? T- 2? - *• M deSCnbed 8u ^ a ^ T*DNA promoter, JiX^S^ 
de^f^/r?^^ r 986 " 1 <tefini,i0n - P^^^ent may itself be a composite of segrne^ 
denved from a plurality of sources, naturally occurring or synthetic 

l^^idestnictural gene: As used herein includes that portion of an insecticide gene comprising a DNA 

ZTITS V '"'r^ 3 ' Pr0tein ' PO^PWe or portion thereof, possibly including VtranslatJonai 

Z Son of^Z°«!^ ,UnCti0na, 6te r ntS " 8 9ene ^ r< * u,ate inifiatl - of transc^p^! 

a^inrtrtation of translation, commonly referred to as the promoter region. (Note that in the present 

TfoN^^VT*™* 8,ement8 may 66 aftw fran ^' «he insecticide struc^raTg^ 

C£H ^ZlZT** ^ 001 ,unctiona, withi " 8 P^ cell, such elements are not referred 
ta?!£^TS?^ "■"•"^ ^ insecticide ^y be derived in whole or in part 

from plasmid DNA. genom« DNA. cDNA and chemically synthesized DNA. It is further contemplated ft* 
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an insecticide structural gene may contain one or more modifications in either the coding seaments or 
SET af,9Ct ■**** « chemical anctuTTkT^ 

L^hW^ e , XP ^ Si °" w 9,6 01 e ^°" control. Such modifications could include, but 

Z ^TV^Z ^•^ aer *° nS ' detetionS ' «"»titutions. and "silent" modifications that do not after 
^cr^nTL^T-f expression product but which affect intercellular localization, transport. 
^Z JT ** , ^ 6XPfeSSi0n Pf0duct - 708 a™** 9ene may constitute an uninterrupted coSng 
sequence or rt may include one or more introns. bounded by the appropriate plant funcfonal ca 
,unc^ which may be obtained from synthetic or a naturally occurnn^. The stniS^ma" 

Trl^Z ° S T entS fr0m 8 pluralit y °' *»"ces. naturally occurring or synthetic. codfng for 

a^compos-te protein, the composite protein being insectJcidai or being derived in part from an insecSdS 

InsecBcidal protein: As used herein includes a bacterial protein toxic in any way to insects. This includes a 
or peptide thati, direct* or indirectly toxic or growth inhibitory I™J any SclZcefto^J 

^ 'S? 68 ** 8fe toxiC upon con,acl - inflestion. or respiration, where atone oTX 

combination w,th other matenal. at any time within the life cycle of an insect. Including egg. larva, p^ 
nymph and adult stages. This includes proteins toxic to insects, especially those of the fai lles LeoE 

T^S£T °' ^ ^L 3 - *^ fecfinoZa, y and TrjchoplusT eT ^ 

Lj™' 5- " rescans - f- Qossypiella , inTT-ni. Other taxa that might be cho sen ^tarsS 

im ^, afe IT" , to ' m ° S8listedin Tabte1 - EJampte' of insectJcidai proteins include, but aZot 
cerefs B o^SaT^i ^ ^t 3 ' 01 S=»2 or of other species of BacWsTg. a 

■S^' ^ ~: Spha6riCUS - 06068 are used to construct or otherwise enoooTiequences 
er«odjng proteins tox* to insects Include, but are not limited to. phospholipases. hyalu,52£? 

ST^^ 1 *" Vari0US Crysta ' Pf0teins °» B - thuringiensis . ThTtTrrn costal ProtoTn 
shouW be understood to refer to both the protoxin and toxin fornSs . to toxic pro teins related to ihe ostein 
which ,s found in the crystalline inclusion bodies of Bacillus thuringiensls . and to ^M*JZ,£JT« 

Ts^^^lZ,** ^"T* Pf0t6inS Mid-by nucleic acid or pnZ^SSurS 

or sequence homology, .mmunotog.cal cross-reactivity, or cross-hybridization of nucleic acids 

sSS'tSS SS^S!? and , Un<3if,erentia,ed tissues <* including, but not limited to roots, 
shoots, pollen, seeds, tumor tissue, such as crown galls, and various forms of aggregations of plant cells in 
culture, such as embryos and calluses. The plant tissue may be in plants or in^W tissue or^Store 
and may be derived from plant, which Include, but are not limrtedlo^ listed fn Tab!eT ' 

SoS^orn^l"^,'^^ 08,18 * ^ and plant cells and protoptests in culture, and may 
be aenved from plants which Include, but are not limited to those listed in Table 2 

DNA^S U 9en Tf y ! TKXlifi8d Plant jessing an insecticide structural gene introduced via T- 

^JwnT^^n ^ C i eaChin98 J ,f *° PfeSen ' disctosur6 » ith 8 varie «y of techr^ues and expedients 
'"J" 081 ,nstances - aftematives expedients exist for each stage of the overall process^ The 

j^'tf de T ,d8 00 Variab,6S ^ as the choice of the basic TIP or other vectof^ems^or 
fte -nfrodurton and stable maintenance of the expressible insecticide structural gene. theXt spS to 
be modified and the desired regeneration strategy, and the particular insecticide sWLd I gC toSSL? 
all of wh.ch present alternative process steps which those of ordinary skill are able to ^ L U s7to 

1* P ^ pr6S6nl a PP« c a tton °y DNA isolated from B. thuringiensls var. kurstaki HD-73 DNA of 
'" S6c * ad81 ^ Oertf-carrying bacteria, strains or reco mbinanT DNA mok^mjm to «L 
n^l ^ 1 r^ 0 " 8 3/8 made to ^ S 6 " 6 Elation and manipubtion pWurSl 
ceZ th^^ ^ COntr0 " ed eXpresSion ^ st8bte insertion offoreign genes in plaS 

Toesire^irTnTfu^ m ^ ^ ^ 10 ^ ^ ^ ^ess ^sTo arCe 

s^ZS oe^f an?L ^ °' ^ ^ naturo ""d structure of the insecticide 

emtxx^enT ^ ^ ' nSerti0n ^ eXPfeSSi ° n 8 p,ant ™« remaning steps of the 

praterred embodiment for obtaining a genetically modified plant include inserting the promoter/insecticide 

ssrjsrsrr into J; DNA ,rans,erring *• modified t - dna to 8 p,a;; ' c6,, 

and «v^, I y . ' ntegrated 88 ^ °' *• p,ant 0611 9 enome - in vitro cutturing of transformed cells 
f^^S P,ant3 L WhiCh may inC,ud8 ^foTselectinTand detecting Zs- 
ZlS^ZT^ts ^ intr<XJUCed Oe0e ^ ^ « '"to 

^ .^ Pf j" Cipal ' 6a ! ure 01 P f8sent invention in its preferred embodiment is the construction of T-DNA 

SatT '™£a"^T ^ 9606 Und6f ^ 0f 8 e*Pressib.e promoter or. S 
mS r» Pf0mO,8f ' 88 ^ ,orrns "ave been defined, supra. The insecticide structural gene 

must be inserted .n correct position and orientation with respect to thTdesired promoter. Position haTZ 
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aspects. The first relates to which side of the promoter the structural gene is inserted, tt is known that the 
majority of promoters control initiation of transcription and translation in one direction only along the DNA. 
The region of DNA lying under promoter control is said to lie "downstream or alternatively "behind" or "3* 
to" the promoter. Therefore, to be controlled by the promoter, the correct position of plant structural gene 
5 insertion must be downstream" from the promoter. (It is recognized that a few known promoters exert 
bidirectional control, in which case either side of the promoter could be considered to be "downstream" 
therefrom.) The second aspect of position refers to the distance, in base pairs, between known functional 
elements of the promoter, for example the transcription initiation site, and the translational start site of the 
structural gene. Substantial variation appears to exist with regard to this distance, from promoter to 
10 promoter. Therefore, the structural requirements in this regard are best described in functional terms. As a 
first approximation, reasonable operability can be obtained when the distance between the promoter and the 
Inserted insecticide structural gene is similar to the distance between the promoter and the T-DNA gene it 
normally controls. Orientation refers to the directionality of the structural gene. That portion of a structural 
gene which ultimately codes for the amino terminus of the plant protein is termed the S'^end of the 
is structural gene, while that end which codes for amino acids near the carboxyl end of the protein is termed 
the 3'-end of the structural gene. Correct orientation of the insecticide structural gene is with the 5'-end 
thereof proximal to the promoter. An additional requirement in the case of constructions leading to fusion 
protein expression is that the insertion of the insecticide structural gene into the promoter-donated structural 
gene sequence must be such that the coding sequences of the two genes are in the same reading frame 
» phase, a structural requirement which is well understood in the art. An exception to this requirement of 
relevance to the present invention, exists in the case where an intron separates coding sequences derived 
from an insecticidal protein gene from the first coding segment of the insecticide structural gene. In that 
case, the insecticide structural gene must be provided with a splice site compatible with the upstream 
splice junction contributed by the noninsecticidal coding sequences, and the intron splice sites must be so 
25 positioned that the correct reading frame for the promoter-donated structural gene and the insecticide 
structural gene are restored in phase after the intron is removed by post-transcriptional processing. 
Differences in rates of expression or developmental control may be observed when a given insecticide 
structural gene is inserted under control of different plant expressible promoters. Different properties, 
including, but not limited to such properties as stability, intercellular or intracellular localization or excretion, 
oo solubility, target specificity, and other functional properties of the expressed protein itself may be observed 
in the case of fusion proteins depending upon the insertion site, the length and properties of the segment of 
T-DNA protein included within the fusion protein and mutual interactions between the components of the 
fusion protein that effect folded configuration thereof, all of which present numerous opportunities to 
manipulate and control the functional properties of the insecticidal protein product, depending upon the 
35 desired physiological properties within the plant cell, plant tissue, and whole plant. 

Location of the promoter/insecticide structural gene combination insertion site is not critical as long as 
the transfer function of sequences immediately surrounding the T-DNA borders are not disrupted, since 
these regions appear from prior art studies to be essential for insertion of the modified T-DNA into the plant 
genome. Preferred insertion sites are those which lie in areas that are most actively transcribed, in 
40 particular the tml gene and an area designated "1.6" lying in the Hindlll-f fragment and equivalent to 
transcript 24, as shown in Fig. 2. The term "1.6" is used herein to designate this actively transcribed region 
of T-DNA. The T-DNA into which the promoter/insecticide gene combination is inserted, is obtained from 
any of the TIP plasmids. The insecticide gene is inserted by standard techniques well known to those 
skilled in the art. The orientation of the inserted plant gene, with respect to the direction of transcription and 
45 translation of endogenous T-DNA genes is not critical, either of the two possible orientations is functional. 
Differences in rates of expression may be observed when a given gene is inserted at different locations 
within T-DNA. possibly because of such factors as DNA methylation and chromatin structure. Readily 
detectable levels of expression of a plant promoter from the phaseolin gene have been obtained where that 
gene was inserted into pTil5955, an octopine-type plasmid of A. tumefaciens at a Smal site found within 

5a the tml gene or a Hpal site found within tmr. 

A convenient means for inserting ~T promoter/insecticide structural gene combination into T-DNA 
involves the use of a shuttle vector, as described supra, having segments of T-DNA (those segments 
between which insertion is desired) incorporated into a plasmid capable of replicating in E. coli. The T-DNA 
segment contains a restriction site, preferably one which is unique within the shuttle vector.The insecticide 
55 structural gene can be inserted at the unique site in the T-DNA sequences and the shuttle vector is 
transferred into cells of the appropriate Agrobacterium strain, preferably one whose T-DNA is homologous 
with the T-DNA segments of the shuttle vector. The transformed Agrobacterium strain is preferably grown 
under conditions which permit selection of a double-homologous recombination event which results in 
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^ replacement of a pre-existing segment of the Tl plasmid with a segment of T-DNA of the shuttle vector. 
• However, it should be noted that the present invention is not limited to the introduction of the 
j promoter/insecticide structural gene combination into T-DNA by a double homologous recombination 
" mechanism; a homologous recombination event with a shuttle vector (perhaps have only a single continu- 
s ous region of homology with the T-DNA) at a single site or an insertion of a promoter/gene-carrying 
1 bacterial transposon will also prove an effective means for inserting that combination into T-DNA. 

Following the strategy just described, the modified T-DNA can be transferred to plant cells by any 
technique known in the art For example, this transfer is most conveniently accomplished either by direct 
infection of plants with the novel Agrobacterium strain containing an insecticide gene incorporated within T- 
10 DNA, or by cocuttivation of the Agrobacterium strain with plant celts. The former technique, direct infection, 
results in due course In the appearance of a tumor mass or crown gall at the site of Infection. Crown gall 
cells can be subsequently grown in culture and, under appropriate circumstances known to those of 
ordinary skill in the art, regenerated into whole plants that contain the inserted T-DNA segment Using the 
method of cocuttivation. a certain proportion of the plant cells are transformed, that is to say have T-DNA 
75 transferred therein and inserted in the plant cell genome. In either case, the transformed cells must be 
selected or screened to distinguish them from untransformed cells. Selection is most readily accomplished 
by providing a selectable marker incorporated into the T-DNA in addition to the insecticide structural gene. 
Examples include either dihydrofolate reductase or neomycin phosphotransferase expressed under control 
of a nopaiine synthase promoter. These markers are selected by growth in medium containing methotrexate 
20 or kanamycin, respectively, or their analogs. In addition, the T-DNA provides endogenous markers such as 
the gene or genes controlling hormone-independent growth of Ti-induced tumors in culture, the gene or 
genes controlling abnormal morphology of Ri-induced tumor roots, and genes that control resistance to 
toxic compounds such as amino acid analogs, such resistance being provided by an opine synthase. 
Screening methods well known to those skilled in the art include assays for opine production, specific 
25 hybridization to characteristic RNA or T-DNA sequences, or immunological assays for specific proteins, 
including ELISAs (acronym for "enzyme linked immunosorbent assay"), radioimmune essays and "western" 
blots. Additionally the toxic properties of "expressed insecticidaTprotein can be used to identify transformed 
tissue. 

An alternative to the shuttle vector strategy involves the use of plasmids comprising T-DNA or modified 

30 T-DNA. into which an insecticide structural gene is inserted, said plasmids being capable of independent 
replication in an Agrobacterium strain. Recent evidence reviewed in the Background indicates that the T- 
DNA of such plasmids can be transferred from an Agrobacterium strain to a plant cell provided the 
Agrobacterium strain contains certain trans -acting genes whose function is to promote the transfer of T-DNA 
to a plant cell. Plasmids that contain T-DNA and are able to replicate independently in an Agrobacterium 

35 strain are herein termed "sub-TIP" plasmids. A spectrum of variations is possible in which the sub-TIP 
plasmids differ in the amount of T-DNA they contain. One end of the spectrum retains all of the T-DNA from 
the TIP plasmid, and is sometimes termed a "mini-TIP" plasmid. At the other end of the spectrum, all but 
the minimum amount of DNA surrounding the T-DNA border is deleted, the remaining portions being the 
minimum necessary to be transferable and integratable in the host cell. Such plasmids are termed "micro- 

40 TIP", Sub-TIP plasmids are advantageous in that they are small and relatively easy to manipulate directly, 
eliminating the need to transfer the gene to T-DNA from a shuttle vector by homologous recombination. 
After the desired structural gene has been inserted, they can easily be introduced directly into a plant celt 
containing the trans -acting genes that promote T-DNA transfer. Introduction into an Agrobacterium strain is 
conveniently accomplished either by transformation of the Agrobacterium strain or by conjugal transfer from 

45 a donor bacterial cell, the techniques for which are well known to those of ordinary skill. For purposes of 
introduction of novel DNA sequences into a plant genome, TIP plasmids and sub-TIP plasmids should be 
considered functionally equivalent 

Although the preferred embodiment of this invention incorporates a T-DNA-based Agrobacterium- 
mediated system for incorporation of the insecticide gene into the genome of the plant which is to be made 
- so insect resistant, other means for transferring and incorporating the gene are also included within the scope 
of this invention. Other means for the stable incorporation of the insecticide gene into a plant genome 
additionally include, but are not limited to, use of vectors based upon viral genomes, minichromosomes, 
transposons, and homologous or nonhomologous recombination into plant chromosomes. Alternate forms of 
delivery of these vectors into a plant cell additionally include, but are not limited to, direct uptake of nucleic 

55 acid, fusion with vector-containing liposomes, microinjection, and encapsidation in viral coat protein followed -i # 

by an infection-like process. Systems based on Agrobacterium cells and TtPs can be used to transform 
dicots and gymnosperms by transfer of DNA from a bacterium to a plant cell; systems based on alternate 
vectors or means for vector delivery may be used to transform all gymnosperms and all angiosperms, 
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*rt including both monocots and dicots. 

1 Regeneration of transformed cells and tissues Is accomplished by resort to known techniques. An 

< object of the regeneration step is to obtain a whole plant that grows and reproduces normally but which 

' retains integrated T-DNA. The techniques of regeneration vary somewhat according to principles known in 

s the art, depending upon the origin of the T-DNA. the nature of any modifications thereto and the species of 
* the transformed plant Plant cells transformed by an Ri-type T-DNA are readily regenerated, using 

techniques well known to those of ordinary skill, without undue experimentation. Plant cells transformed by 
THype T-DNA can be regenrated, in some instances, by the proper manipulation of hormone levels in 
culture. Preferably, however, the Ti-transformed tissue is most easily regenerated if the T-DNA has been 
io mutated in one or both of the tmr and tms genes. Inactivation of these genes returns the hormone balance 
in the transformed tissue towards normal and greatly expands the ease and manipulation of the tissue's 
hormone levels in culture, leading to a plant that is readily regenerated because of its more normal 
hormone physiology, tt is important to note that if the mutations in tmr and tms are introduced into T-DNA 
by double homologous recombination with a shuttle vector, the incorporation of the mutations must be 
15 selected in a different manner than the incorporation of the promoter/insecticide structural gene. For 
example, in the former instance one might select for chloramphenicol resistance while the latter selection 
might be for resistance to kanamycin. The inactivation of the tons and tmr loci may be accomplished by an 
insertion, deletion, or substitution of one or more nucleotides within the coding regions or promoters of 
these genes, the mutation being designed to inactivate the promoter or disrupt the structure of the protein. 
20 (The construction of suitable mutations has been exemplified by T. C. Hall et al., EP-A-0 122 791 and EP-A- 
0 126 546.) In some instances, tumor cells are able to regenerate shoots which carry integrated T-DNA and 
express T-DNA genes, such as nopaline synthase, and which also express an inserted insecticide structural 
gene. The shoots can be maintained vegetatively by grafting to rooted plants and can develop fertile 
flowers. The shoots thus serve as parental plant material for normal progeny plants carrying T-DNA and 
2S expressing the insecticide structural gene inserted therein. 

The genotype of the plant tissue transformed is often chosen for the ease with which its cells can be 
grown and regenerated in in vitro culture. Should a cultivar of agronomic interest be unsuitable for these 
manipulations, a more amenable variety is first transformed. After regeneration, the newly introduced foreign 
insecticidal protein gene is readily transferred to the desired agronomic cultivar by techniques well known to 
30 those skilled in the arts of plant breeding and plant genetics. Sexual crosses of transformed plants with the 
' agronomic cuttivars yielded initial hybrid. These hybrids can then be back crossed with plants of the 

desired genetic background. Progeny are continuously screened and selected for the continued presence of 
integrated T-DNA or for the new phenotype resulting from expression of the inserted insecticidal protein 
gene. In this manner, after a number of rounds of back crossing and selection, plants can be produced 
35 having a genotype essentially identical to the agronomically desired parents with the addition of the inserted 
insecticidal protein gene. 

In an alternative method for conferring insect resistance to a crop, one may infect plants within a field 
which is to be protected with an Aprobacterium cell harboring a TIP plasmid having undisabled T-DNA 
which carries an expressible insecticidal protein gene. We have found that larvae will feed on crown gall 
40 tissue. When insect larve infesting the field eat transformed tissue containing an insecticide gene, they will 
be affected by the insecticidal protein within that tissue. The Agrobacterium and TIP might additionally 
encode genes for insect attractants. The presence of such attractants in transformed tissue will increase the 
insects preference of such tissue as a food source relative to the rest of the crop material in the field. 

45 EXAMPLES 

The following Examples utilize many techniques well known and accessible to those skilled in the arts 
of molecular biology and manipulation of TIPs and Agrobacterium ; such methods are fully described in one 
or more of the cited references if not described in detail herein. Enzymes are obtained from commercial 

so sources and are used according to the vendor's recommendations or other variations known to the art. 
Reagents, buffers and culture conditions are also known to those in the art. Reference works containing 
such standard techniques include the following: R. Wu. ed. (1979) Meth. Enzymol. 68, R. Wu et al., eds. 
(1983) Meth. Enzymol. 100 and 101, L Grossman & K. Moldave, eds. (1980) Meth. Enzymol. 65, X K Miller 
(1872) Experiments in Molecular Genetics , R. Davis et aJ. (1980) Advanced Bacterial Genetics TA. F. Schleif 

55 & P. C. Wensink (1982) Practical Methods in Molecular Biology and T. Maniatis et al. (1982) Molecular ' ♦ 

Cloning. Additionally, R. F. Lathe et al. (1983) Genet. Engin. 4:1-56, make useful comments on DNA 
manipulations. 

Textual use of the name of a restriction endonuclease in isolation, e.g. "BcH", refers to use of that 
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enzyme in an enzymatic digestion, except in a diagram where it can refer to the she of a sequence 
susceptible to action of that enzyme, e.g. a restriction site. In the text restriction sites are indicated by the 
additional use of the word "site", e.g. "Bell site". The additional use of the word "fragment", e.g. "Bell 
fragment", indicates a linear double-stranded ONA molecule having ends generated by action of the named 
enzyme (e.g. a restriction fragment). A phrase such as "Bcll/Smal fragment" indicates that the restriction 
fragment was generated by the action of two different enzymes, here Bdl and Smal, the two ends resulting 
from the action of different enzymes. Note that the ends will have fie characteristics of being "blunt or 
sticky* 0 e. having a single-stranded protuberance capable of base-pairing with a complementary single- 
stranded oligonucleotide) and that the sequence of a sticky-end will be determined by the specificity of the 
enzyme which produces it 

In these Examples, special symbols are used to make sequences more easily understood. Sequences 
that code for proteins are underlined, and codons are separated with slashes (/). The positions of cuts or 
gaps in each strand caused by restriction endonucleases or otherwise are indicated by the placement of 
asterisks (")• 

Plasmids, and only plasmids, are prefaced with a "p*. e.g., pTi 15955 or pKS-4. and strain parentheti- 
cally indicate a plasmid harbored within, e.g., A. tumefaciens (pTi 15955) or K802(pKS-4). Table 4 provides 
an index useful for identifying plasmids and their interrelationships. Table 5 provides a list of deposited 
strains. 

Example 1 

The first step in developing an insect resistant crop was to clone the insecticidai protein gene of B. 
thuringiensis var. kurstaki HD-73, which is on deposit with the Agricultural Research Culture Collection, 
Northern Regional Research Laboratory, Peoria, IL, and has NRRL number B-4488. 

1.1 Cloning the Bacillus thuringiensis insecticidai protein gene 

The 50 megadalton (MD) plasmid was enriched from HD-73 using sucrose gradient centrifugation. A 
HD-73 library was constructed by first digesting this plasmid with Hindlll. The resulting fragments were 
mixed with and ligated to HindllHinearized pBR322 (F. Bolivar eteJ. (1978) Gene 2:95-113) and transformed 
into E. coli HB101. Ampicillin-resistant tetracycline-sensitive transformants were screened by digesting 
isolated plasmid DNA with Hindlll and choosing those clones with 6.6 kilobase pair (kbp) inserts. Colonies 
containing plasmids p1 23/58-3 and p1 23/58-10 were selected from the HD-73 library for further analysis 
using an Insect bioassay (see Example 8). These clones were grown in L-broth and a 250 fold concentrated 
cell suspension was sonicated and the extract applied to the surface of insect diet Neonatal Manduca sexta 
(tobacco hornworm) larvae were placed on the diet for one week. Insect larvae fed extracts of strains 
harboring p 123/58-3 or p123/58-10 did not grow and all larvae died in 2 to 5 days. There was no apparent 
difference between the larvae fed these extracts and those fed insecticidai protein purified from cells of B. 
thuringiensis . ~ 

Restriction enzyme analysis of p123/58-3 and p123/58-10 showed that the two plasmids were identical 
except for having the 6.6 kbp B. thuringiensis DNA fragment inserted into the pBR322 vector in opposite 
orientations. Note that either of these two plasmids can be converted to the other by digestion with Hindlll, 
religation, and transformation into HB101 followed by appropriate selection and screening steps. 

p 123/58- 10 was used to further probe the transformants from the HD-73 plasmid library. Sixteen of the 
572 colonies hybridized to the insert of clone p1 23/58-10 and all had the characteristic 6.6 kbp Hindlll 
fragment. Further restriction enzyme analysis showed these clones to all be one of the two possible 
orientations in pBR322 of the same DNA fragment This suggested there could be a single crystal protein 
gene in strain HD-73. That these clones represent the only insecticidai protein gene in HD-73 was 
confirmed by hybridizing labeled p1 23/58-10 probe to Southern blots of HD-73) plasmid DNA digested with 
Hindlll. Bglll or Sail. None of these enzymes has a restriction site in our cloned crystal protein gene. 
Hybridization results showed a single band of B. thuringiensis cellular DNA hybridized with p 123/58- 10 and 
further indicated that HD-73 has a single insecticidai crystal protein gene. We have identified a number of 
other clones by hybridization with a probe made from p1 23/58-10. Restriction mapping has shown that 
these clones are all identical to either p 123/58-3 or p1 23/58-10, further supporting the conclusion that the 
HD-73 has a single crystal protein gene. 

1 .2 Immunological analysis 
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Analyses on the protein produced In the E. coU clones shows that pi 23/58-3 and pi 2368-10 encoded 
protein that formed a precipitin band with antiserum to B. thuringiensis insecticidal protein In Ouchtertony 
diffusion slides. Cell extracts were analyzed on 10% SDS-poly-acrylamide gels, transferred to nitrocellulose, 
and immunological reactions done with antibody and 125 l-protein A (Western blots, Example 7). No band 
was found at 130 kD (kitodalton) where denatured protoxin is observed, however, a peptide of about 67 kD 
was seen that binds crystal protein antibody (Western blots done as in Example 7), and was identical in 
size to activated toxin. This peptide accounted for approximately 0.1% of the total E. coli protein. 

1.3 Sequence analysis 

We compared our DNA sequence results (Fig. 1), obtained by methods well known to those skilled in 
the art of DNA sequencing (e.g. see A. M. Maxam & W. Gilbert (1980) Meth. Enzymol. 65:489-560), with 
published sequences (see Background). The published sequences showed only partial homology with our 
own sequence. An open reading frame of about 2.8 kbp was observed which was bounded at the 5*-end by 
a translations start signal (ATG) and did not stop before encountering the Hind lll site at the junction 
between the B. thuringiensis DNA and the p8R322 vector. The size of the protein encoded by this open 
reading frame from the ATG to the Hindlll site is greater than that of the 67 kD protein that we observed to 
be translated in E. coli cells but less than what is needed to encode the 130 kD native crystal protein. That 
the exact means of translational termination in the pBR322 encoded read-thru peptide was not important 
was suggested by the finding that insecticidal activity was encoded by B. thuringiensis DNA inserts having 
either orientation within the pBR322 vector. Presumably the initially translated amino acid residues carboxy- 
terminal to the ultimate carboxy-terminus of the translated polypeptide were removed in E. coli by a 
proteolytic process similar to that which naturally activates the crystal protein. 

Example 2 

This example teaches the insertion of the Bacillus thuringiensis insecticide gene between a T-DNA 
gene promoter and a polyadenylation (poly(A) addition) signal, the transfer of the Insecticide gene to various 
plant species via a Ti plasmid, and the regeneration of plants expressing this gene under control of the T- 
DNA promoter. A large part of the strategy used in this construction is diagrammed in Fig. 3, which 
represents plasmids schematically and is not necessarily drawn to scale. 

2.1 Introduction of Bam HI site into the insecticidal protein gene 

A Bam HI site is introduced into the insecticidal protein gene of p1 23/58-10 at a location just 5' to the 
start of the coding sequence. The wild type base sequence (b) and the changed bases in an oligonucleotide 
primer (a) are as follows: 


BamH I 

a) 5* AG ATCC AG * C ATCCTT ATG GAT AAC AAT 3* 

b) ..•AGATCGAG CTAACTT /ATC/CAT/AAC/ . . . 

Met Asp Asn Asn 


The changed bases are the underlined ATC sequence in (a). Note that good hybridization properties are 
insured because only three out of 27 base-pairs are changed. 

p1 23/58-10 is digested with Hind lll and is mixed with and ligated to Hind Ill-linearized mWB2344 RF 
(replicative form) DNA. The mixture is transformed into JM103 and transformed colonies are screened by 
plasmids isolation followed by restriction analysis for the presence of insertion of a single copy of the 
insecticidal protein gene-bearing fragment. Vectors containing the two possible orientations are labeled 
M13-Bt-A and M13-Bt-s. They have the anti sense and sense strands, respectively, of the insecticide 
structural gene when in viral form. 

M13-Bt-A is hybridized with the oligonucleotide primer, 5'AGATGGAGGATCCTTATGGATAACAAT3\ 
previously synthesized as described in Example 10.1. The oligonucleotide: M13-Bt-A hybrid is incubated 
with the Klenow fragment of E. coli DNA polymerase I, covalently closed circular DNA (cccDNA) is 
enriched, and the mixture is transformed into JM103. The virions produced by transformants are isolated 
and used to infect cells at a low multiplicity of infection. RF DNA is isolated from a number of the infected 
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colonies and is characterized by restriction mapping. Clones derived from the mutant oligonucleotide- 
primed strand are identified by the presence of a novel Bam HI site at the 5*-end of the insecticide structural 
gene, and one such vector is designated M13-Bt-A (Bam ). 

Ml3-Bt-A(Bam) RF DNA is digested with Bam HI and Hind lll. and is mixed with and ligated to a linker, 
synthesized asdescribed in Example 10.1, having the following structure: 

Hindlll BaaHI 
T r AC CTAGCTCACTACT r 

3 , TCCACTCATCCTAC5 , 


Note that this linker contains translational stop signals (underlined) in all three possible reading-phases. The 
linkers are trimmed by digestion with BamHI and an insecticide structural gene-bearing DNA fragment is 
purified by agarose gel electrophoresis. 

2.2 Construction and modification of a promoter vehicle 

The T-DNA "1.6" gene is summarized as follows: 


Clal 960 bp 250 bp Clal 60 bp 50 bp 
5 • . . «TACACCAAAT*CC/ ATC/CAC/ATC/ . . . ./TCA/ AT*CCAT AAATAA • . • .AAATAA • 

promoter MOM stop polyadenylatlon signals 

By removing the Clal fragment, the promoter region of the "1.6" gene can be brought next to the 3'- 
downstream regkxTof the gene. This 3* region includes polyadenylation signals. The resulting structure is 
summarized as follows: 


Clal 60 bp 50 bp 

5 • . . • ATACACCAAAT *CC ATACT AAATAA AAATAAAA* . .3 1 

promoter polyadenylation signals 


pKS111, which is a pRK290 clone corresponding to the T-DNA clone p403 (which encodes the "1.6" 
gene which was described in the Detailed Description, transcript 24 in Fig. 2, see also C. F. Fink (1982) 
M.S. thesis. University of Wisconsin-Madison), is digested with Clal and then religated. (Alternatively, these 
same manipulations as described here can be done directly on p403, which is a pBR322-based clone, 
substituting ampicillin for tetracycline during selection.) The ligation mix is transformed into E. coli K802 (W. 
B. Wood (1966) J. Mol. Biol. 16:118) and selected for tetracycline resistance. Plasmids are isolated by 
doing "minipreps" (plasmid preparations from small volume cell cultures) and restriction maps are obtained 
to prove the structure. The new vehicle, pKS-prol (see T. C. Hall et al., EP-A-0 126 546), can be linearized 
by Clal. 

"pKS-prol grown in K802 was cut with Clal mixed with and ligated to a BamHl/Ctal linker having no 
S'phosphate, S'CGGATCy. The resulting mixture was digested with Clal to remove religated pKS-prol, and 
transformed into K802. Plasmids from tetracycline resistant transformants are screened by restriction 
analysis and a plasmid having the Clal site at the ATQ translational start replaced with a Bam HI site is 
designated pKS-prol- (Bam ). 

2.3 Introduction of a Kanamycin Resistance Gene into pKS-prol(Bam) 

ft is advantageous to have a kanamycin resistance (kan) gene inserted next to the promoter/insecticide 
gene combination so as to allow selection of double homologous recombinants after a tri parental mating. 
The source of kan was pKS-4 (Example 2.5). In pKS-4 the kan gene is flanked on one side by a Clal site. In 
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! ^rrL5xnplished by-convertino a conveniently positioned BamHI site (5 ...G GATCC...3 to the 
'^KsVl^^by^Son with BamHI. thereby generation stands having the tonowing 


structures: 


to 


)5 


20 


26 


30 


35 


40 


60 


55 


5«...C GATCC...V 
3«...CCTAG C...5 f 

The recessed ends of this structure are filled in by incubation with the Ktenow fragment of E. coli DMA 
polymerase I, forming the following blunt-ends: 

...GGATC CATCC... 
. . .CCTAC CTAGG . . . 

When these ends were blunt end ligated together, the resulting suture has the following sequence: 

CUI 

...CGAT*0C ATCC... 
...CCTA 0C*IACG... 

Nota that the resulting, structure is susceptible to the action of Clal but not to that of BamHI 

AJe^Tto^Sve construction, one may converTthe BamHI site or ar^a^venienj 
*J!f£3L sTinto a Oa. site by use of the appropriate ^ r ^^^J^ 
m^dwith and ligated to Oai/Hunt-ended linkers having the sequence 5 CATCGATG3 digested wrth CW. 
Z^T^TJLe^ K802. Plasmids isoteted from transformante .resisted Mo tan*** _ w«e 
saeened for presence of a novel Ctel site in the position formally occupied by a Smal srte. A Ctel/tan 

^rn^'^l 'SS^SXSS^ is methylated at two remaining Oa, *^ » *°« 1« 
tJT^STZ o^ter-pdyao^nTiiliolvjunction (this is about 30 bases past the second POlya*nyti> 
r^tTfre o£ EES" SsVfrom tie right hand p403 EcoR. she (see, Rflji). J^^**- 
SrToytne Cla. restriction endonuctease at an otherwise susceptiWe sto. Tberetore tn^me^atorj 
£ot£ these sites and effectively direct action of the Oal enzyme to other srtes. P^'<Bam) « 
£«L«fta and orown in E. coli GM33. a strain that does not methylate adenosine residues in DNA, so 
^tTSUst lTla?elSsHe?can be cut After purification of that piasmid from GM33 (pKS^n* 

a^ai dSl fSS Ctel and the resulting mixture i, 
Sbed^ove- iter transformation into E. coli K802. transformants are selected on tefracychne and 
S^n^taining media. After piasmid TsoMon and r^ 1 ""**, a ckja having the desired 
^ '^nn identified and the piasmid found in this clone is labeled p1 1-83a (Fig. 3). 

?££a Hgated into the "middie- Cla. site about 30bp F«*Mhe 

seco^ Sao^y^s^ne BamHI fragment of the insecticide gene, isolated from themodrfied vector 
S^n^SnSe^. is novated into the BamHI sHe of BamHHinearized p11-83a that has been 
aTgrown in K802 id is methylated After tn^fbTrnation into K80Z tejacyci-ne and 
Ja^amvdn selection piasmid isolation, and restriction enzyme mapping, the desired construction having the 

inserted between the pT,159S5 -1.6" promoter and polyadenyiaton srte 
identified, and the piasmid harbored therein is labeled p11-83b (Fig. 3). 

2.4 Introduction of p1 1-83b into Ti Plasmlds 

P 11-83b is introduced into P T, 15955. P T,A66 (equivalent to pT,15955 but having ar^r^tJonal tins 
o*ne) a* mutants deleted in gene affecting regeneration by homologous recombination (B^*10). 
Too^laXat Informed by a system described in Example 6. and transformers are Ktenti^J by 
SoS arS Northern blots (techniques well known to those skilled in the art) with appropnate probes and 
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by me presence of octopine and crystal protein. Transformed tobacco bssue is ^ 'oto^ horn- 
worms Tobacco plants are regenerated from transformed cells as described in Example 6. andertered into 
breeding programs. Rekte of regenerated plants and their insecticidal l^"»nWmng de f^ te *? 
resistant to infestation by larvae of insects such as tobacco homworm by virtue of the toxic effect such 
s larvae experience when eating tissue from such plants. 

2.5 Cloning and isolation of a kanamycin resistance gene 

PRZ102 (R. A. Jorgenson et al. (1979) Mol. gen. Genet 177*5-72). a ColE1 plasmid carrying a copy of 
,0 the Jansposon Tn5, waTdigested-with BamHI and Hindlll. mixed with pBR322 previously hn ^»'* , £ 
same two enzymes, Ogated, and transformed into K802. Plasmidsjsolated from ^^1^'^ 
resistance to both ampicillin and kanamycin were restriction mapped and one havmg the structure shown in 
Fig. 3 was labeled pKS-4. 

>s Example 3 

This example teaches another method of inserting an expressible gene tor the 
insecticidal protein into a plant genome. The shuttle vector .s similar to that used by C jRnk (1982) NLS, 
thesis. University of Wisconsin-Madison, to put the nos gene .nto an octopine Tl plasmrf. J Je p^rt 
„ inven1ton the protein coding sequences for nos are removed and replaced wrth an Insectadal gene before 
^nto th?Ti ptesmk? The eventual reiuTt is an octopine-type Ti plasmid carrying an insecticide gene 
expressible in plant cells under control of a nopaline synthase promoter. 

3.1 Moving the nos gene Into M13mp7 

25 pCF44 (Fink, supra) was digested with Xhol. religated to itself, and transformed back into K802. Plasmid 
DMA isolated fror^impidllin-resistant transformants was analyzed with restriction enzymes. Aptosmw 
having a single Xhol site within its Ti ptesmid-derived DMA sequences was designated pCF44A. TT)esi"0» 
x£7site wTthTTesult of the dotation of a DNA fragment between the two pCF44 Xhol sites. Delete* of 

30 Sis Xhol fragment resulted in the complete removal of two inconvenient Oal sites. 

DCF44A was digested with Hindlll and BamHI. mixed with and ligated to pBR322 wh.cn had been 
dinesTed with the same two resSta enzyrniTand transformed into K802. AmpidlUn restart transfor- 
mants were selected and screened by restriction enzyme analysis of plasmid DNA and a colony was 
identified which contained a nos gene-containing plasmid. labeled pNS5. k^,,^ Hrr.,i»r 

as P NS5 was digested with"Bcll and BamHI and was mixed with and ligated to a doubk^anded cucutar 
replicative form (RF) of the sTngle-straTided DNA vector M13mp7 which had been Uneanzed wrth BamHL 
After transformation of the mixture into JM103 and selection of white plaques, two colonies were identified 
by restriction mapping after RF isolation, designated M13-1 and M13-3. contained the sense and antsense 
strands, respectively, when In single-stranded form. 


40 


3.2 Placement of an Ncol site behind the nos promoter 


An oflgonucleotide primer having the ^. 8 f'T 

5'AQTCTCATACTCACTCTCAATCCAAATAATCTGCCATGQAT3' was synthesized as descnbed in Example 
4s 10.1. This oligonucleotide was changed at the underlined base from the naturally (x^mng sequence at the 
5'-end of the nos structural gene. The change resulted in the introduction of an Ncol site. 5 ...C CATGG^. 
at the ATG tranTlattonal start of the nos gene. The oRgonudeotide was hybridized to circular single-stroded 
M13-3 DNA isolated from viriorS" which had been sedimented out of culture medium The 
oligonucleotide:M13-3 hybrid was incubated with DNA ligase and the Klenow fragment of E. cob DNA 
polymerase I. covalently closed circular DNA (cccDNA) was enriched, and the mixture was transf<^ed.nto 
JM103. The virions produced by transformants were isolated and used to infect cells at a tow mulbpbaty of 
infection RF DNA was isolated from a number of these infected colonies and characterized by restncton 
mapping. Clones derived from the mutant oligonucleotitte-primed strand were identified by the presence* 
a single Ncol site, which allowed them to be linearized by that enzyme. The mutated clones were further 
characterised to localize the Ncol site by digestion with Clal. BamHI (to identify linearized molecules), and 
Clal together with Ncol. The mutated M13-3 vector was labeled Ml3-3A/B18a. 

3.3 Moving the insecticide gene into M13mp8 
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p1 23/58-10 DMA (Example 1.1) was digested with EcoRI and mixed with and ligated to EcoRI-linearized 
Mi3mp8 RF DNA. After transformation of the mixture into JM103 and selection of white plaques, two 
colonies having the insecticide genecarrying fragment inserted in opposite orientations, were identified by 
restriction mapping. They were labeled MBT14 and MBT3 and respectively had the sense and antisense 
strands when in single stranded form. 

3.4 Placement of an Ncol site at the Insecticide gene translation start 

An oligonucleotide primer having the sequence 5'GAGGTAACCCATGGATAACAAT3' is synthesized as 
described in Example 10.1. This oligonucleotide is changed at the two underlined bases from the naturally 
occurring sequence at the 5'-end of the insecticide structural gene. The change results in the Introduction of 
an Ncol site, 5\..CCATGG.3\ at the ATG translation^ start of the insecticide gene. The oligonucleotide is 
hybridTzed to circular single-stranded MBT3 DNA isolated from virions which had been sedimented out of 
culture medium. The ofigonucleotide:MBT3 hybrid is incubated with DNA ligase and the KJenow fragment of 
E. coli DNA polymerase II, cccDNA is enriched, and the mixture is transformed into JM103. The virions 
produced by the transformants are isolated and used to infect cells at a low multiplicity of infection. RF 
DNA is isolated from a number of these infected colonies and characterized by restriction mapping. Clones 
derived from the mutant ottgonucleotkle-primed strand are identified by the presence of a single Nwl site 
which allows them to be linearized by that enzyme. The mutated clone is further characterized by restriction 
enzyme analysis and the presence of the mutant sequence is confirmed by sequencing. The plasmid 
having the desired sequence is labeled MBT3(Nco). 

3.5 Assembly of a plant expressible insecticide gene in a shuttle vector 

Ncol- and HindllHJigested MBT3(Nco) RF DNA is mixed with and ligated to a linker, synthesized as 
described in Example 11.1, having the following structure: 


HindIII-eod BamHI 
""3 7 ACCTGA CTAACTAG3 r 

JTcrCATTGATCCTACS • 


This linker encodes stop codons (underlined) in all three reading frames, and is ended by a functional 
BamHI site and a Hindlll compatible sticky-end incapable of reconstructing a Hjndlll site. The insecticide 
gene-bearing DNA fragment is then trimmed by digestion with Ncx>l and BamHI and is isolated by agarose 
gel electrophoresis. 

pKS1 11-N (Fink, supra ) is a plasmid having a nos gene inserted in Tn5 DNA (from pKS-4) which has a 
functional kan gene, wttSi is itself inserted in the T-DNA of pKS111. pKS1H-N is linearized with Sstll and 
digested ^completion with BamHI. M13-3A/B18a is digested with N<x>l and Sstll and the Sstll/Ncol 
promoter fragment is lsoiated~b7 agarose gel electrophoresis. The Sstll/Ncol promoter and Ncot/BamHl 
gene fragments are mixed with and ligated to the pKS111-N Sstll/BamHI reaction products. The ligation 
mixture is then transformed into E. coli K802. Plasmids isolated from transformants resistant to kanamycin 
and tetracycline are subjected to restriction enzyme analysis and colonies harboring plasmids identical to 
pKSm-N except for replacement of a S'-portion of the nos gene with an insecticide structural gene are 
identified. Such a plasmid is designated pKS1 1 1-NpBt 

3.6 Insertion into TIP plasmids, plant infection and regeneration 

E. coli K802(pKS111-NpBt) is mated with A. tumefaciens as described in Example 9. The Agrobac- 
terium stTains chosen harbor TIP plasmids, based on pTi15955. containing mutations, such as those 
described in the Background, which facilitate regeneration. Homologous recombinants are selected as 
described in Example 9 and characterized by restriction mapping. The efficacy of the construction is 
quickly tested by infection of sunflower stems. The resulting galls are assayed by EUSA and Western blots 
as described in Example 7 and by bioassay as described in Example 8. As described in Example 6, the 
Agrobacterium strains are used to infect tobacco cells which are then regenerated. The resulting plants are 
used as breeding stock to be crossed with various commercial varieties for which insect resistance 
properties are desired. Regenerated plants and fields of their insecticidal proteirKxxrtaining decendants are 
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resistant to infestation by larvae of insects such as toabcco homworm by virtue of the toxic effect such 
larvae experience when eating tissue from such plants. 

Example 4 

This example teaches another method of inserting an expressible gene for the B. Jhwtogiensia 
J2££ZZZ into a plant genome. The strategy is similar to that described in Example |S M « 
SaTa plant promoter Is used instead of a T-DNA promoter. The plant gene proving the promoter is 
SLioS! Twhteh has been shown to be active in species other than to source, the bean Phaseoius vuigans 

L 

4.1 Moving the phaseolin gene into M13mp7 

BamHI linkers, having the sequence 5'GGATCC3', are annealed to form J^T^^^^ 
blunted ligated to form concatamers. These concatamers are parfcallyj fronted w* B^HIto expose 
5-GATC...3- sticky-ends. which are compatible with sticky-ends generated by the enzymes BamHI. BcH. 
Bg.ll. Mbol. Sauiu. and Xhol. pOKKJ* A Charon 24A 

m& n5atu7r289:37^lTT. L SBghtom et al. (1983) Proc. Natl. Acad. Sd. USA 80J887-1901. afeo 
Z2£?Z*I*«77* * wHh-Bgjl. and^mHI. m«ed wi* *k '^^STTS 

linkers and completely digested with BamHI to trim the linkers and expose the BamHI sticky-ends, a 3.8 
^agminrcon^ Tphaseolin-gine and 5- and 3M.ankins .sequences ^^^^ 
ele^ophoresis followed by elution. This fragment has BamHI sites at erther end as the BamHI/Bglll I nkage 
I'nCt susceptible to the action of either enzyme^The 3.8 kbp BgllUBamHI fragment can also be 
obtained from p8.8. a pBR322-based subclone of 177.4. _ n<iWmalw , 
The 3.8 kbp fragment Is mixed with and ligated to BamHMinearized Ml3mp7 ^ After ^Icxma^ 
of the mixtureTto 7M103 and selection of white plaques, two colonies are 

restriction and hybridization analysis of RFs and phage DNA. The viral forms of M13-3.8A and M13-3.8S are 
respectively found to be carrying the antisense and sense strands of the phaseolin gene. 

4.2 Placement of an Ncol site behind the phaseolin promoter 

The Phaseoius DNA of M13-3.8A has an Ncol site about 450 bp upstream from the P^seo^ 
transcriot ional start The presence of this site will belnconvenient when on wishes to cleave the plasmid X 
Z^eZo^T^***^ trans^a. star,. IsoUJed, K13-3.8A ZZZVT^O^ 
HooVlhd the S'-protruding ends are filled in by the action of the Wenow fragment of E. oofi iDNA 
X^"**^ Ration and transformation into JM103. R ™ M 7'^" 
ized by restriction mapping. A colony is chosen which harbors a vector, labeled M13-3.8AC, when is lacking 
the Ncol site of the Phaseoius DNA but is otherwise unchanged from M13-3.8A. 

AFol^^tJdTpnmir having the sequence 5'ATACTACTCTACCATGQTGA^GCAAGGG3'i8 syn- 
thesized^ as described inExampte 10.1. This ollgonucteotide is ^^f^^^JZX 
naturallv occurrino sequence at the 5'-end of the phaseolin gene. The oligonucleotide is hvbncfized to 
T^^Z^tz^ DNA .sorted from virions which had been ^im^ted -J*"*? 
medium. The crfigonucteotide^lS-S^Ac hybrid is incubated with DNA ligase ^^^^ 
coli DNA polymerase I. cccDNA is enriched, and the mixture is ^nsformed into W Th* vmons 
produced bVtranstormants are isolated and used to infect cells at a tow ^*f^£Jv£ 
Solated from a number of these infected colonies and charactenzed by restr^tx,^^ ^sdenved 
from the mutant oligonucleotJde^med strand are identified by i^.S^SSlS 
at the S'-end of the coding sequence. The mutated clones are further characterized to locatae the Ncol srte 
by digestion with Clal and Ctal together with Ncol. The mutated M13-3.8Ac vector .s labeled M13-38Aa. 

4.3 Placement of a Hindlll site at the 3'-end of the phaseolin gene 

To conveniently introduce the insecticide gene into the Phaseolin gene two 
made to that phaseolin gene. The first change involves addition of Hindlll srte (5 «A AflCTT-JT) 8 to the 
; Xtenylation site arrtnear the 3'-end of the phaseolin gene. The other important change '"volves^acing 
Kationd stop codons (e.g. TAA. TAG. or TGA, underlined below) in all three reading framwJWhen the 

end of the phaseolin gene coding sequence (b). H can be seen to have the desired properties as follows. 
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Blndlll 

,v 5 ' A(XXrrcCATTTCA^XCCTTGAATA^(n>LACAACTAAAATCC 3 
J) . . JlGCCTGCATTTCT CTACTCAATAACTATCAACTAAAATCC . . ♦ 
alsMtchea: ♦ ♦♦♦♦ * 

Note also that this 38-mer has only 6 mismatches, thus insuring good hybridization properties during 

^The oligonucleotide 5'AGGGTGCATTTGAAGCTTGAATAAGTAAGAACTAAAATGC3', synthesized as 
described in Example 10.1. is hybridized to single-strand circular Ml3-3.8Aa DNA purified from virions 
isolated by centrifugation of culture medium. The oligonucleotide^ 3-3.8Aa hybrid is incubated with DNA 
ligase and the KJenow fragment of E. coll DNA polymerase I. cccDNA is enriched, and the mixture \s 
transformed into JM103. The virions produced by the transformants are isolated and used to infect cells at 
a low multipRcity of infection. RF DNA is isolated from a number of the infected colonies and characterized 
by restriction enzyme analysis. Clones derived from the mutant oligonucleotide-primed strand are identified 
by the presence of a Hindlll site mapping at the 3'-end of the phaseolin gene, and the presence of mutant 
sequences at both endTof the structural gene is confirmed by sequencing. A vector containing the desired 
sequences is labeled M13-3.8Ab. 

4.4 Inserting the insecticide gene 

MBT3(Nco) RF DNA Is digested with Ncol and Hindlll and is mixed with and ligated to Ncol- and 
HindllWigested M13-3.8Ab DNA. The mixture!* transformed into K802 and plasmid DNA from kanamydn 
ind/or tetracycline resistant transformers is isolated and characterized by restriction enzyme analysis. A 
plasmid having the Insecticide structural gene Inserted between the phaseolin promoter and poly adenylate 
site is labeled M13-PpBt. and a colony harboring H is chosen. 

4.5 Moving the modified phaseolin gene into a shuttle vector 

pKSl 1 1-K (Fink, supra) has the Tn5 kan gene from pKS-4 inserted between the Hindlll sites of pKS1 1 1 
T-DNA. M 1 3-PpBt/RF~DNA is digested with Bam HI and mixed with and ligated to BamHHinearized pKS111- 
K (Rnk supra) Plasmids from K802 transformants resistant to kanamycin and/or tetracycline are isolated 
and characterized by restriction mapping. A colony is selected which harbors a plasmid. labeled pKS111- 
PpBt. which contains the phaseolin promoter/insecticide structural gene/polyadenylation site combination 
which, together with a kan gene, is surrounded by octopine T-DNA. 

4.6 Insertion into TIP plasmids. plant infection and regeneration 

E coH K802(pKS111-PpBt) is mated with A. tumefaciens as described in Example 9. The Agrobac- 
terium Wains chosen harbor TIP plasmids. based on pTi 15955. containing mutations, such as those 
described in the Background, which facilitate regeneration. Homologous recombinants are selected as 
described in Example 9 and characterized by restriction mapping. The efficacy of the construction is 
quickly tested by infection of sunflower stems. The resulting galls are assayed by EUSA and Western blots 
as described in Example 7 and by bioassay as described in Example 8. As described in Example 6. the 
Agrobacterium strains are used to infect tobacco cells which are then regenerated. The resulting plants are 
used as breed ing stock to be crossed with various commercial varieties for which insect resistance 
properties are desired. Fields of regenerated plants and their insecticidal protein-containing descendants are 
resistant to infestation by larvae of insects such as tobacco hornworm by virtue of the toxic effect such 
larvae experience when eating tissue from such plants. 

Example 5 

Regeneration in this Example involves carrot tumors incited by Ri-based TIP plasmids and is effected 
essentially as described by M.-D. Chilton et al. (1982) Nature 295:432-434. 

5.1 Infection with hairy root 
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Carrot disks are Inoculated with about 10* bacteria in 0.1ml of water. One to 1.5 cm segments of the 
ends of the roots obtained are cut off, placed on solid (1*1.5% agar) Monier medium lacking hormones (D. 
A. Tepfer & J. C. Temfte (1981) Cr. hebd. Seanc. Acad. Sci., Paris 295:153-156). and grown at 25 C to 27 C 
in the dark. Cultures uncontaminated by bacteria are transferred every 2 to 3 weeks and are subcuttured in 
5 Monier medium lacking hormones and agar. Transformed roots can be recognized by their aberrant 
morphology and selected. 

5.2 Regeneration of roots to plants 

io The cultured root tissue described in Example 5.1 is placed on solidified (0.8% agar) Monier medium 
supplemented with 0.36uM 2,4-D and 0.72uM kinetin. After 4 weeks, the resulting callus tissue is placed in 
liquid Monier medium lacking hormones. During incubation at 22 to 25* C on a shaker (150 r.pjn.) for one 
month, the callus disassociates into a suspension culture from which embryos differentiate, which, when 
placed in Petri dishes containing Monier medium lacking hormone, develop into plantlets. These plantiets 

is are grown in culture, and after "hardening" by exposure to atmospheres of progressively decreasing 
humidity, are transferred to soil in either a greenhouse or field plot 

5.3 Use of non-hairy root vectors 

20 Tl-based vectors which do not have functional tmr genes are used instead of the Ri-based vectors as 
described by T. C. Hall et at, EP-A-0 122 791 and EP-A-0 126 546. Construction of suitable mutants can be 
done by those skilled in the art and is reviewed in the Background. 

Example 6 

25 

Regeneration in this Example involves tobacco tumors incited by a Tl-based TIP plasmid and is 
effected essentially as described by K. A. Barton et at (1983) Cell 32:1033-1043. 

6.1 Infection with crown gall 

30 

Tobacco tissue is transformed using an approach utilizing inverted stem segments first described by A. 
C. Braun (1956) Cane. Res. 16:53-56. Stems are surface sterilized with a solution that was 7% commercial 
Chlorox and 80% ethanoJ, rinsed with sterile distilled water, cut into 1cm segments, placed basal end up in 
Petri dishes containing agar-solidified MS medium (T. Murashige & F. Skoog (1962) Physiol. Plant 15:473- 

35 497) lacking hormones. Inoculation is effected by puncturing the cut basal surface of the stem~with a 
syringe needle and injecting bacteria. Stems are cultured at 25 ' C with 16 hours of light per day. The calli 
which develop are removed from the upper surface of the stem segments, are placed on solidified MS 
medium containing 0.2 mg/ml carbenicillin and lacking hormones, are transferred to fresh MS-carbenicillin 
medium three times at intervals of about a month, and are tested to ascertain whether the cultures had 

40 been ridden of bacteria. The axemic tissues are maintained on solidified MS media lacking supplements 
under the culture conditions (25*C; 16 hr.:8 hr. lighfcdark) described above. 

6.2 Culture of transformed tissue 

45 Clones are obtained from the transformed axenic tissues as described by A. Binns & F. Meins (1979) 
Planta 145:365-369. Calli are converted into suspensions of cells by cufturing in liquid MS having 0.02 mg/l 
naphtaJene acetic acid (NAA) at 25°C for 2 or 3 days while being shaken at 135 r.p.m., and filtering in turn 
through 543 and 213am stainless steel meshes. The passed filtrate is concentrated, plated in 5ml of MS 
medium containing 0.5% melted agar, 2.0 mg/l NAA, 0.3 mg/l kinetin and 0.4 g/l Difco yeast extract at a 

so density of about 8 x 10 s cells/ml. Colonies reaching a diameter of about 1mm are picked by scalpel point 
placed onto and grown on solidified MS medium having 2.0 mg/l NAA, 0.3 mg/l kinetin and about lOug/ml 
S-(2-aminoethyl)-L-cysteine (AEC). (A range of concentrations of AEC. between about 2ug/ml and about 
30ug/ml, is tried as the exact concentration effective for selection will depend on the variety of tobacco 
used and the growth conditions to which the source plant and tissues derived from it are subjected.) AEC 

55 has been shown to be an agent capable of selecting tissue containing octopine synthase (G. A. Dahl & 3. 
Tem£e (1983) Theor. Appl. Genet, 66:233-39). Alternatively, the filtrate is plated at low density (several 
hundred cells per ml) on a filter paper overlaying a feeder layer of tobacco cells growing on the solidified 
MS/NAA/kinetin/yeast extract medium. When 1mm colonies have formed the entire filter paper is transferred 
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to a petri dish containing the solidified MS/NAA/kinetin/AEC medium. The resulting calli which do not show 
the effects of AEC toxicity are selected, split into pieces, and tested for other transformed phenotypes such 
as production of octopine and hormone independent growth. 

6.3 Regeneration of plants 

Transformed clones are placed onto solidified MS medium having 0.3 mg/1 kinetin, and cultured as 
described in Example 6.1. The shoots which form are rooted by putting them on a solid (1.0% agar) 
medium containing 1/10 strength MS medium salts, 0.4 mg/1 thiamine, lacking sucrose and hormones, and 
having a pH of 7.0. Rooted piantlets are grown in culture, hardened as described in Example 52, and are 
transferred to soil In either a greenhouse or field plot. Plants are screened for retension of the transformed 
phenotype methods, well known to those skilled in the art, such as Southern, Northern and dot blots with 
appropriate probes, octopine assays, immunological (see Example 7) or biological (Example 8) assays for 
presence of crystal protein. 

6.4 Vectors used 

Constructions described by T. C. Hall et ah, EP-A-0 122 791 and EP-A-0 126 546 are suitable Ti-based 
vectors lacking functional tmr genes. The method described in Example 6.1 for infection of inverted stem 
segments is often useful for the establishment of TIP-transformed plant cell lines. 

Example 7 

Anti-insecticidal protein antibody was produced by methods well known to those skilled in the art of 
immunology. "Western" blots, to detect antigens after SDS-polyacrylamide gel electrophoresis, were done 
essentially as described by R. P. Legocki & D. P. S. Verma (1981) Analyt Biochem 111:385-392. 

Micro-ELISA (enzyme-linked immuno-sorbant assay) assays are done using lrnmulon-2 type plates 
having 96 wells by the following steps: 

7.1 Binding antibody to plates 

On day 1, the wells are coated with 1:1000 dilution of antibody (rabbit anti-insecticidal protein IgG) in 
coating buffer. 200ul/well is incubated at 37* C for 2-4 hours. The plates are covered with Saran Wrap 
during this incubation. Afterwards the plates are rinsed three times with phosphate buffered saline-Tween 
(PBS-Tween) allowing a 5 minute waiting period between each rinse step. Then 1% borine serum albumin 
(BSA) is added to rinse and, after addition to the well, left to sit for 20 minutes before discarding. Rinsing is 
repeated five times more with PBS-Tween. 

72 Tissue homogenization 

The tissue is sliced up into small pieces and then homogenized with a polytron using Igm of tissue/ml 
phosphate buffered saline-Tween-2% polyvinyl pyrrolidone-40 (PBS-Tween-2% PVP-40). All samples are 
kept on ice before and after grinding and standard curves were obtained. One standard curve is done in 
tissue homogenates and one standard curve is also done in buffer to check the recovery of insecticidal 
protein from homogenized tissue or cells. Following centrtfugation of the homogenized samples, 100ul of 
each sample is placed in a well and left overnight at 4 # C. To avoid errors, duplicates of each sample are 
done. The plates are sealed during incubation. 

7.3 Binding enzyme 

After the overnight incubation, the antigen is discarded and the wells are washed five times with PBS- 
Tween allowing 5 minutes between each rinse. 

A conjugate (rabbit anti-insecticidal protein IgG alkaline phosphatase-linked) is the diluted 1:3000 in 
PBS-Tween-2% PVP containing 0.2% BSA and 150 is added to each well; followed by incubation for 3-6 
hours at 37*0. After the incubation, the conjugate is discarded and the wells are rinsed five times with 
PBS-Tween, allowing five minutes between each rinse as before. 

7.4 Assay 
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fl JZ!j i ? e,y bef0 ?T r ly "" " 5m ° ^ 01 P^itrophenyl phosphate (obtained from Sigma 

and stored frozen .n the dark) is added per 10ml substrate and vortexed until the tablet is dissolved 200ul 
of the room temperature solution is quickfy added to each well. The reaction is measured at various times. 
JLr+lL J? -nd 120 minuteS ' us,n ° 8 D y natech Miao-ELISA reader. When p-nitrophenyl 

S "i V COl ° fteS8 ' 18 hydrolysed by Phosphatase to inor fl anic phosphate anTf, 

at 410nT """P""* flives the solution a yellow color, which can be spectrophotometrically read 

Example 8 

. '"^"l? ° Wained Uom commercial s 0 "" 588 ^ kept essentially as described by R. A. Bell & F G 

iESiESTt B T^ L W - ^ :365 - 373 ' « R - T - Yam am«>to 0969) J. Econ. Entcrm* 
62.1427- 431 Boassays for .nsecbodal protein were done by feeding extracts to larva of Manduca sexta 
essentially as descnbed by J. H. Schesser et al. (1977) Appl. Environ. Microbiol. 33:878-880. — 

Example 9 

^-„l ripa T al - afin ° S , W8re ° enera " y accom P |ished 88 described ^lo*; other variations known to those 
foR^ri^r^p 8 ^ ^TL- ? K8 ° 2(pRK290 ' baSed was mated with E cofl- 

? w 3 ! ^ Ptosm ' d harb0rin ° * strain resistant to streptomycin. The pRK20T3 

transferred to the shuttle vector carrying strain and mobilized the shuttle vector for transfer to the 
Agrobactenum^ Growth on a medium containing both streptomycin and the drug to which the shuttle vector 
^reststant often erther kanamycin or chloramphenicol, resulted in the selection of Agrobacterium cells 

^nTtf^ S f qUenC8S - A mafi09 0f 08,18 with E - coli(pPH1J1) resul ted in the trans fer of 
PPH1J1 to the ^robacterium cells. pPHIJl and pRK290-based shuttle vectors cannot coexist for long m 
the same cell Growth on gentamycin. to which pPHUI carries a resistance gene, resulted in selection of 
cells hav,ng tost the pRK290 sequences. The only cells resistant to streptomycin. gentan^Tand 
S^ST a £* OS A which teve 71 1**™" 5 have undergone double-homologous recombination Z 
TftZZ? 0 ' *" C ° nStruction - P RK290 PRK2013 were disclosed by G. DM. 

^(1880) Proc. Natl. Acad. Scl. USA 77:7347-7357. and pPHIJl by P. R. Hirsh (1978) Thesis. Univ. E. 

Example 10 

This Example describes techniques for the synthesis and use of synthetic oligonucleotides. Other useful 
references can be found in the list of works cited in the section introductory to these Examples. 

10.1 Oligonucleotide synthesis 

The techniques for chemical synthesis of DMA fragments used in these Examples utilize a number of 

ISSSTh" m STTJ° 8WB9d ta *• " 01 DNA ^"cation of nucteosioS J 

descnbed by H. Schalkxetal. (1963) J. Amer. Chem. Soc. 85:3820. and H. Buchi & H. G. Khorana (1965) 

l™!l C .t f°° n ™* Praparafion of deoxynuclec^ide phosphoramidites is described by S. L 

Beaucage & M. K CwfJw, ^(1981) Tetrahedron Lett. 22:1859. Preparation of solid phase resin is described 
P t2?L ^ **■ "ftUtotoi procedures useful during the formation of 

double-stranded synthetic hnkers are described by J. J. Rossi et al. (1982) J. Biol. Chem. 257:11070. 

102 Use for oligonucleotides 

Hall^al^P-A^I^^^^ * f9Cons[nt(A 8 de,e,9d **™<* of a gene has been exemplified by 
«vJ5fx!!, o»9onucleotides to link otherwise incompatble restriction site sticky-ends has been 

mSlals" - - ' * iS W8 " ^ to ^ '"^art of/ecombinant Dr£ 

10,3 Otigonucleotide-Dtrected Mutagenesis 

General methods of directed mutagenesis have been reviewed recently by D. Shortle et al. (1981) Ann. 
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Rev. Genet 15:265-294. Of special utility in manipulation of genes is oligonucfeotideKfirected sit^^-r 
mutagenesis, reviewed recently by M. J. Zolter A M. Smith (1983) liTS^^ 

the sequence desired as an end product and oti^^^ ^^tr^^^Z b^h^f 
Once a hybrid is formed comprising a ss DNA circle base paired ^ZSSZZSl 

desired u^.^ueswS^^.^r m " ™ mutant DNA as 

Example 11: Construction, transformation and exnm^inn nt j^,^^ ^ 

^J 0 f teC ^ UCt J COmp,ete pro,oxin 9«ne. flanking DNA restriction sites were identified bv Southam 

SEES s »"S5»vr:sSS SB 

JSlfijriiTS S^fT /"T^ L pBR325aBB "*•> the Bcll/BamHI fragTnint 
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p403B and 1.6.4B-3.8.3 DNAs digested with Bam HI were mixed with each other and figated together, 
forming a plasmid, designated p403B/BTB#3 having a full-length insecticidal protein structural gene placed 
between the "1.6" promoter and polyadenylation site. (Figure 4) The orientation of this construction results 
in synthesis of crystal protein-encoding mRNA when transcribed off of the a 1.6" promoter. 

E. coli C600 (pRK-203-Kan-1 03-Lec), which is on deposit as NRRL B-15821. is a pRK290 derivative 
containing T-DNA sequences of pTi 15955 from between EcoRI sites at positions 4,494 and 12,823, as 
defined by R.F. Barker et a). (1983) Plant Mol. Biol. 2:335-350, except for substitution of a Tn5-derived kan 
gene and a lectin gene for T-DNA between posrtion~5,512 Hindlll site and position 9,062 BaffiHI site. The 
lectin gene is deleted from pRK-203-Kan-103-lecby digestion with Hindlll followed by religaBon. resulting in 
a vector designated pRK-203-Kan-103. pRK-203-Kan-103 was introduced into A. tumefaciens 

ATCC15955 essentially as described in Example 9. A (touble-homologous recombinant designated 
RS2014, was identified having a mutated pTi 15955 T-DNA. This substitution deletes some tmr and tms 
sequences, as discussed in the Detailed Description. RS2014 T-DNA transforms inoculated~pTant tissue 
without conferring the phenotype of hormone-independent growth. Tobacco tissues transformed by RS2014 
derivatives may be regenerated into normal plants using protocols well known in the art 

In Agrobacterium , pBR325-derivatives are "suicide vectors", as described in the Background Section on 
Shuttle Vectors. E. coli MC1061 (p4Q3/BTB#3). E. coli (pRK2013). and A. tumefaciens RS2014 were mated. 
A strain was isolated, designated R3-11, containing A. tumefaciens cells having p403/BTB#3 cointegrated 
into tmr tms " pTi 15955 by a single homologous recombination event into the polyadenylation site side, i.e. 
to the left of the "1.6" structural gene. (The "1.6* gene corresponds to ORF24 of Barker et al., supra.) 

Nicotiana tebacum var. Xanthi stem segments were inoculated with R3-11 cells essentially as described 
in Example 6. Once free of inciting bacteria, the transformed plant tissues are cultured, single cell cloned, 
and regenerated into norma) plants using methods well known to the art of plant tissue culture. 

Tobacco horn worms fed on transformed tobacco callus tissue containing the plant expressible full- 
length insecticidal protein gene were observed to display symptoms attibutable to B. thuringiensis crystal 
protein toxicity. 

Immunological "dot" blots analogous to •Western" blots (Example 7) indicated that B. thuringiensis 
crystal protein antigen was present in extracts of transformed tissue containing the plant expressible full- 
length insecticidal protein gene. 
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TABLE 1 

Insects s usceptible to B. thurlnglenela lnaectlcldal prof la 
CO LEO FT ERA 

Popillia Japonic* (Japanese beetle) 
Si tophi lua franarlue (graoary vaavll) 

IS FT ERA 

Aedee aegyptl (yellow-fever mosquito) 

A. atlanticua 

A. cant ana 

A* capalua 

A. cineraua 

A. communis 

A. detrltua 

A. dorsalia 

A. dupreel 

A* aelenlmon 

A. nlgromaculls (pasture mosquito) 
A. punctor 

A. sierrensie (veatarn treehole mosquito) 
A, aollicitaoa (brown aalt marsh mosquito) 
Aedes ap » 

A. taenlorhynchua (black aalt marsh mosquito) 
A* tarsalie 
A. tormeotor 
A. triaeriatua 

A* vexans (inland floodvater mosquito) 
Anophelea crucians 
A« freeborol 

A* quadrlmaculatua (common malaria mosquito) 
A* aergentll 
A. atephenei 
Anophelea ap » 

Chlronomua plumoaua (Chlronomus: midges, biting) 
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Chlronoaus sp . 
C. t until 
Culex erratlcue 
C. inornate 
C. nlgrlpalue 
C. peus 

C. plplens (oorthern house mosquito) 

C. quinquefesclstus (C. plplene fatlgens) (southern house mosquito) 
C« rcatuana 
Culex ap > 

C. trltseolorhynchus 

C. carsalli (western encephelltle mosquito) 
C. terrltans 
C. unlvittatua 

Cullaeta lncldens (Cullsete: mosquitos) 
C. Inornate 
OLamessa ap . 

Uxa sp » (OLxa: midges) 

Eusi nullum (Slmullum) latlpes (Euslmullum: gnats) 

Goeldlchlronomus holopraslnus 

Heematobla irrltans (horn fly) 

Hlppelatea colluaor 

Odagmla ornate 

Pales pavlda 

Polpomyia ep . (Polpomyla: midges, biting) 
Polypedllum sp_. (Polypedllum: nidges) 
Psorophora dilate 

P. columlae (conflnnls) (Florida Glades mosquito, dark rice field 

mosquito) 

P. ferox 

Slmullum alcockl (Slmullua: black flies) 
S. argue 

S. cervlcornutum 
S. damnosum 
S. jenoingsl 
S. plperl 
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S. tescorua 
S. tuberosum 
S. unlcornutum 

S* VttOUStUtt 

$• verecundua 

S. VlttatUB 

Ursootaenla Ingu leu lata 
0. lowii 

Vyeoayla mltchellll (Vyeoayla: mosquito* ) 
V. vsnduzeel 

HYfCNOPTERA 

Athalla rosae (as collbrl) 

Keastus (Fteronldea) rlbesll (1 sported cur rant worm) 
Neodl prion bankslanae (Jack-pine savfly) 
Frlophonie trlstls 

Frist Iphora erlchsonll (larch savfly) 

LEPIDOPTERA 
Achaea jaoata 

Achrola grleella (lesser wax moth) 
Achyra rantalls 

Aclerla varlana (black-headed budvora) 

Aerobes la tp . 

Acrolepla alllella 

Acroleplopsls (Acrolepla) assectella 

Adoxophyes orana (apple leaf roller) 

Aegerla (Saoolnoldea) exit lots (peach tree borer) 

Aglala urclcae 

Agrlopals (Erannls) aurantlarla (Erannls: loopers) 
A* (E.) leueophaearla 
A. marglnarla 

Agrotls Ipallon (as_ ypailon) (black cutworm) 
A* segetua 

Alabama arglllacea (cotton leafvora) 
Alsophlla aescularla 
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A. poaetarla (fall cankervora) 

Aaorbla eaelgana 

Anadevldle (Pluala) peponla 

Anlaota aenatorla (orange-atrlped oakvora) 

Aooala flava 

A* (Coeaophtla) aabullfera 
Ant ha rata pernyl 

Antlcarala gem* talis (velvatbean caterpillar) 

Apochtlaa (Bleton) hlapidarla 

A. plloaarla (pedarla) 

Aporla crataegl (black-veined vhlteaoth) 

Archlpe argyroapilus (fruit-tree leaf roller) 

A. ceraaivoranua (ugly-neat caterpillar) 

A. crataegana 

A. podana 

A. (Cacoecla) roaana 
A« xyloateana 
Arctla caja 

Argyrotaenla narlana (gray-banded leaf roller) 

A. velutinan* (red-banded leaf roller) 

Ascla (Plerla) aonuate oraela 

Aacotls aelenarla 

Atteva aurea (allanthua vebvora) 

Autograph* callfornlca (alfalfa looper) 

A. (Pluala) gaama 

A. nlgrlalgna 

Autopluala egena (bean leaf ekeletonlzer) 
Axochla grlpuaalla 
Blsaetla stenlella 
Boabyx norl (ellkvora) 
Brachlonycha aphlnx 

Bucculatrix thurberlella (cotton leaf perforator 

Bupolus plnlarlus (Bupolua: looper) 

Cacoeclmorpha pronubana 

Cactoblaatla cactorun 

Caloptllla (Graclllarla) invarlabllla 
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C. (C) eyrlngella (lilac leaf alncr) 

C. (CO the Ivor a 

Caoephora aalatlca 

Carpoeloa nlponenele 

Ceraaldla ap * 

Cerapteryx graalnle 

Chllo auriciliua 

C. aaccharlphagua lodlcua 

C. auppraaaalla (rlca acta borar) 

Chorletoneura fualferaoa (apruca budwora) 

C. aurlnana (flr-ahoot rolltr) 

Chryaodeixia (Pluala) ehaleltaa 

Clepala apactrana 

Cnaphalocrocla wedinalla 

Coleotechnltee (Recurvarla) alllerl (lodgepole needle miner) 
C, nanella 

Collaa eurytheae (alfalfa caterpillar) 
C. Uebla 
Colotola pennarla 

Craabua bonlfatellue (f awn-colored lawn «oth t aod webwon) 
C. eperryellus 
Craabua app « 
Crypcoblabea gnldlella 
Cydla funebrana 

C. (Grapholltha) aoleeta (oriental fruit aoth) 

C. (Laspeyreata) poaonella (codling aoth) 
Catena Integer rlca (walnut caterpillar) 
0. ainletra (yellow-necked caterpillar) 
Cendrollnua plnl 

D. alblrlcua 

Cepreasarla aarcella (a webworm) 
feanla funeralla (grape leaf folder) 
f&achryala (Pluala) orlchalcea (a aemilooper) 
DUcrlsia virgin lea (yellow woollybear) 
ttaphania (Margaronla) indlca 
0« oltldalla (plcklewom) 
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Uaphora aendlca 

Uatraea graodloaella (southwestern com borer) 

O. saccharalls (sugarcane borer) 

achomerls aargloella (Juniper webvorv) 

Dry son la ruflcornls ( as chaonla) 

Cryaonla sp > 

Eryocaapa rubicund* 

Earlas lnsulana 

Ectropls (Boarmia) erepuscularla 
Ennoaos subaignarlu* (ela spanvora) 
Ephestla (Cadra) cautella (alaond Both) 
£♦ elutella (cobacco aoth) 

E« (Anagasta) kuehnlella (Hedlterraneao flour «oth) 
Eplnotla teugana (a skeletonlzer) 
Eplphyas poatvlttana 

Erannla defollarla (aottled uaber aoth) 
E. clllarla (linden looper) 
Erlnnyals alio 
Erlogaater henkel 
E* lanestrls 

Eatlgaene acrea (salt aarah caterpillar) 
Eubleaaa aaabllls 
Euphydryaa cha Ice dona 
Eupoe cllla aablguella 

Euproctla chryaorrhoea (Nygal phaeorrhoea) (brovn tall 

E. f rate ma 

E. pseudoconspersa 

Eupterote fabla 

Eutroaula (Slaaethls) parlana 

Euxoa aessorla (dark-sided cutvora) 

Gallerla ae 11 one 11a (greater wax moth) 

Gastropacha querclfolla 

Hallsdota argeotata 

H. caryae (hickory tuasock aoth) 

Harrlslna brilliant (western grape ekeletonlzer) 

Hedya nublferana (fruit tree tortrlx aoth) 
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Hellothle (Hellcoverpa) aralgara (Hellothlt - Chloridea) (graa pod borer) 

H. (H •) aesulta 

Hellothla peltigera 

H. vlreseens (tobacco budvora) 

H. vlrlplaca 

H. sea (cotton bollvora, corn earvora, soybean podvora, toaato fniitvora, 

sorghum headvora, etc.) 
Hellula uodalle (cabbage vebvora) 
Rerpetograaaa phaeoptaralla 
Heterocaapa guttlvltta (saddled prominent) 
H. aanteo (variable oak leaf caterpillar) 
Holcocera pulverea 

Hoaoeoeoaa electellua (sunflower aoth) 
Honona aagnanlaa 
Hylolcus plnastrl 
Hypeuryntls corlcopa 
Hyphantrla cunea (fall vebvora) 
Hypogyane aorlo 

Itaae (Thaanonooa) vauarla (a apanvora) 
Junonla coenla (buckeye caterpillars) 
Kaklvorla f lavof asclata 

Kelferla (Gnorlaoscheaa) lycoperslcella (toaato plnvora) 

Lacaoobla (Folia) dleracea 

Laadlna athasarle pellucldarla 

L* flscellarla flscellarla (healock looper) 

L. flsellarla lugubrosa 

L. flscellarla soaniaria 

Lampldes boetlcus 

Leucoaa (Stllpnotla) salicla (est In aoth) 
L. vlltahlrel 

Lobesia (■ Polycbroals) botrana 
Loxostege coaalxtalla (alfalfa vebvora) 
L. atlctlcalls (beet vebwora) 

Lymantrla (Porthetrla) dlspar (gypsy aoth) (lyaantrla: tussock moths) 

L. aonacha (nuo-aoth caterpillar) 

Malacosoaa aaerlcana (eastern tent caterpillar) 
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M. dltttrla (forest tent ceterplllar) 

M. frtfllli (• !mHW (Crtat •»•!« tint taterpllWO 

K. neuetrla (tent caterpillar, Wekey aotb) 

M. neuetrla ver> testecee 

M. pluvlele (wetter* tent caterpillar) 

Meaerstre braeslcae (cebbege «oth) 

Menduce (Inotoperee) qulnqueaaeulete (tomato hornworm) 

M. (I.) texta (tobacco hornwora) 

Maruce testulells 

felenolophle laltste 

Mesogrspbe forflcalls 

Hocls repanda (Mods: seallooper) 

Hollppa sablna 

Honeae flaveecens 

Hythiana (Pseudaletla) unlpuncta (eraywora) 

Nephentls aerinopa 

Moccua (Trlphaena) pronuba 

Noaophila noctuella (lucerne noth) 

Nyaphalls antlopa (aournlng-cloak butterfly) 

Olketlcu* aoyanol 

Oaaatopteryx texana 

Operophtera bruaata (winter aoth) 

Opaophanea sp « 

0. fagata 

Orgyla (Heaerocaapa) antique 

0. leucostigaa (whlte-aarked tussock aoth) 

0. (H.) pseudotsugata (Douglas-fir tussock aoth) 

0. thyelllna 

Or t bos la gothlca 

Ostrlnla (Pyrausta) nublialis (European corn borer) 

Paleacrlta wernata (spring cankerwora) 

Paamene Juliana 

Pandeals duaetana 

P . pyrusana 

Panolls flaoimea 

Paplllo cresphontes (orange dog) 
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P. deeoleue 
P. phlleoor 

Parallpea (Apheela) gularle 
Paralobeaie viteaoa 
Paraoyelole tranetteila 
Parnara guttata 

Pectioophora goaaypialla (pink bollwom) 
Perlcallla rlclol 

Perldroaa saucla (variegated cutwora) 
Phalera bucephala 
Phlogophora aeticuloea 

Phryganidia ealiforoica (California oekwora) 

Phthorlvaea (- Cnorieoecheaa) operculella (potato tubervoi 

Phyllonoryeter (Uthocoliatia) blancardella 

Pieria braeaieae (large white butterfly) 

P. canidla aordlda 

P. rapae (laported cabbage worm, a nail white butterfly) 
Plathypene acabra (green eloverwora) 
Platynota ep_« 
P. atultana 

Platyptllia earduidactyla (artichoke pluae aoth) 

Plodia interpunctella (Indien-aeal aoth) 

Plutella xyloatella ae aaculipeooie (dlaaondbeck «oth) 

Praya citri (citma flower aoth) 

P. oleae (olive aoth) 

Paeudoplusla includena (aoybean looper) 

Pygaera anaetoooale 

Rachlpluela ou 

Rhyaclonla boo 11 ana (European pine ahoot aoth) 
Sabulodea caberata 
Saala cyothla 
Saturnla pavonla 

Schlzura conclnna (red-humped caterpillar) 
Schoenoblua blpunctlfer 
Selenephera lunlgera 
Seaasla inferena 
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Slblne aplcalls 

Sltotroga cere* It 11* (Angouaois grain aoth) 
Spargenothls pllltrlaoa 

Spilonota (Taetocera) ocellana (eye-epotted budaoth) 
Spllosoma lubricipeda (aa aenthaatrl) 
S. vlrglolca 
Spllosoma sp > 

Spodoptera (Prodenia) erldanla (aouthern anr/vorm) 
S. exlgua (beet araywora, lucerne caterpillar) 
S. fnsgiperda 
S. littoralia 
S. litura 
S« mauritla 

S. (P.) ornithogalli (yellow-striped araywora) 
S. (P.) praeflca 
Syllepte derogate 
S. ailicali* 
Symmeriata canicoata 

Thauaetopoea pityocampa (pine procesaionary caterpillar) 

T. proceselonea 

T. vauaria (currant webwora) 

T. vllklosooi 

Thyaellcue lineola (European skipper) 
Thyridopteryx epheaeraef orals (bagwora) 
Tineola blsselliella (webbing clothes aoth) 
Tortrix vlrldana (oak tortricid) 
Trichopluaia ni (cabbage looper) 
Udea profundalls (celery leaf tier) 
U. rublgalis 

Vanessa cardul (painted-lady) 
V. lo 

Xanthopaetls tlaals 

Xestia (Aaathee, Agrbtls) c-nlgrua (spotted cutworm) 
Yponomeuta cognatella (- Y. evonyal) (Yponoaeuta - Hyponoaeu 
Y • evonymella 
Y. nahalebella 
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Y. aalloella (imU enaine moth) 
Y. padella (saall araine «oth) 
Y. rorrella 
Zelraphera dlnlana 

MULLOPHAGA 

Bo vl cola be vis (cattle biting loose) 
B. crass i pes 
B. llabata 
B. ovls 

Llpeurus caponis (wing louse) 
tfenacnathus straalneus 
fenopoo galllnae (shaft louse) 

TRICHOPTERA 
Rydropsyche pelluclda 
Potaaophylax rotundlpennls 
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TABLE 2 


Plants recommended for protection by B. thuringinensis insecticidal protein 

alfalfa 

escarole 

potatoes 

almonds 

field com 

radishes 

apples 

filberts 

rangeland 

artichokes 

flowers 

raspberries 

avocados 

forage crops 

safflower 

bananas 

forest trees 

shade trees 

beans 

fruit trees 

shingiku 

beets 

garlic 

small grains 

blackberries 

grapes 

soybeans 

blueberries 

hay 

spinach 

broccoli 

kale 

squash 

brussels sprouts 

kiwi 

stonefru'rts 

cabbage 

kohlrabi 

stored com 

caneberries 

lentils 

stored grains 

carrots 

lettuce 

stored oilseeds 

cauliflower 

melons 

stored peanuts 

celery 

mint 

stored soybeans 

chard 

mustard greens 

stored tobacco 

cherries 

nectarines 

strawberries 

Chinese cabbage 

onions 

sugarbeets 

chrysanthemums 

oranges 

sugar maple 

citrus 

ornamental trees 

sunflower 

cd lards 

parsley 

sweex com 

cos lettuce 

pasture 

sweet potatoes 

cotton 

peaches 

tobacco 

cranberries 

peanuts 

tomatoes 

crop seed 

pears 

turf 

cucumbers 

peas 

turnip greens 

currants 

pecans 

walnuts 

dewberries 

peppers 

watermelons 

eggplant 

pome fruit 


endive 

pomegranite 
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TABLE 3 

Varieties of B. thuringiensis 

alesti 
aisavai 
canadensis 
dskots 

darastadiensis 

dendrolinus 

entoaocidus 

finitivus 

foirlarl 

galleriae 

Indiana 

israelensis 

kanyae 

kurstaki 

kyushuensis 

morrisoni 

ostriniee 

Pakistani 

sotto 

thompsoni 

thuringiensis 

tolvorthi 

touaanof fi 

vuhanenais 
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TABLE 4 

Index of plasndds and •train* 


Constructed 

or Used In See 

Strain or Plasmld Example Figure Made Fro* (ft Consents) 


A* tuoefaclens 

6 

(ubiquitous) 

A. rhlzogenes 

5 

(also see background) 

B. thurlnglensls var. 



kurstakl HO- 7 3 

1.1 

1 

ColEl 

2.5 


E • coll CK33 

2.3 


E. coll HB101 

1.1 


E. coll JM103 

2.1 


E. coll K802 

2.2 


MBT3 

3.3 

M13ap8 t p!23/58-iO 

MBT3(Nco) 

3.4 

MBT3 

HBT14 

3.3 

K13mp8 ft pi 23/58-10 

oVB2344 

2.1 


Ml3-Bt-A 

2.1 

*WB2344, pi 23/58-10 

Ml3-Bt-A(Bas) 

2.1 

M13-Bt-A 

M13-Bt-S 

2.1 

nVB2344 v p!23/58-10 

M13ap7 

3.1 


Ml3ap8 

3.3 


M13-FpBt 

4.4 

*T3(Nco), M13-3.8Ab 

Ml 3-1 

3.1 

Ml3mp7, pNS5 

Ml 3-3 

3.1 

M13mp7, pNS5 

M13-3A/B18a 

3.2 

Ml 3-3 

M13-3.8A 

4.1 

M13mp7, 177.4 

M13-3.8Aa 

4.2 

M13-3.8AC 

M13-3.8Ab 

4.3 

M13-3.8Aa 

M13-3.8Ac 

4.2 

M13-3.8A 

M13-3.8S 

4.1 

M13mp7 > 177.4 
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pBl.322 1.1 

PCF44 3.1 

pCF44A 3.1 

p ICS -pro I 2.2 

pKS-proI( B««) 2 .2 

pKS-4 2.3 

pKStll 2.2 

pKSlll-K 4.5 

pKSUl-H 3.3 

pKSUt-NpBt 3.3 

pKSUl-PpBc 4.3 

PMS5 3.1 

pPhlJl 9 

P«290 2.2, 9 

pWC2013 9 

PU102 2.3 

PTIAM J. 4 

PTU5955 2.4 

p8.8 4.1 

pll-83« 2.3 

pll-83b 2.3 

P123/58-3 1.1 

pi 23/58- 10 i.| 

P«03 2.2 

-»••" 2.2 

177.4 4.1 


p8t73-16 

PBR325 

pBR32S«8B 

P4038 

M13mpl9 

1.6.4 

1.6.4B.3.8.3 
p403B/BTB#3 
pRK-203-)C»n-103-tee 
pRX-203.Ktn.103 


pBU22, pTICSB 
pCF44 
3 pKSlll 
2 .2 pKS -prot 

2 pB*322, p!2102 
2, 3 pftK290, pTl 13955 

pKS4(pR2102). pRSlll 
pCF44, pUUI-t 

»T3(IJeol, M3-3A/B18*, pKSlll-i 
Jtt3-FpBt, pKSlUHC 
pBr322, pCF44A 


ColEl, TdS 


pBR322, 177.4 
3 pKS -proI(B«a) . pKS-4 
3 pll-83a, Mt3-Bt-A(Bu) 
1 B. thuringientU v« r . fcurtfkl 

HWJ, pBI322 

1 B. thurlnglemit v«r. fcurafkl 

HO-73, pBB322 

2 p8K322, pTl 15955 

2 (- transcript 24, •«« 

«Ue bulled tetcrlpdos) 
Charoo 24A, P. vul««rl« cv. 
Tendcrgreen 

p8t73-10(B»)i pBt73-161 

PBR325 

p8R32SiB8, pTR-prol(B'aii) 

K13»pl9; p8t73-16 
1.6.4 

1.6.48-3.8.3, p403B 
pRK-203-K»n-103-Lec 
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TABLES 


10 


15 


Deposited Strains 

NRRLB-4488 

Bacillus ttiuringiensis var. kurstaki HO-73 

NRRL B-15394 

cscnencnia con isouu (pi\o*4; 

NRRL B-11371 

Escherichia coti HB101 

NRRL B- 120 14 

Escherichia coli RR1 (pBR322) 

ATCC 37017 

pBR322 

ATCC 15955 

Agrobacterium tumefaciens (pT!15955) 

NRRL B-15393 

Escherichia coli HB101 (p8.8) 

NRRL B- 1561 2 

Escherichia coti HB101 (p123/58-10) 

NRRL B-15759 

E.coli HB101 (pBt73-16) 

NRRL B- 15821 

E.coli C600 (pRK-203-Kan-103-Lec) 


20 


25 


30 


35 


40 


50 
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Claims 

1. A plant comprising a genetically modified plant cell containing an insecticide structural gene under 
control of a plant expressible promoter, provided that said cell is not a tobacco cell containing the 
vector pA-ocs-B-prol-ESI as disclosed in EP-A-0 140 556. 

2. A plant according to claim 1 wherein the cell y contains T-DNA, and the insecticide structural gene is 
inserted therein. 

a A plant according to claim 2 wherein the insecticide gene is inserted at an actively transcribed site 
within either the tml gene, the ocs gene, or the "1 .6" region of the T-DNA. 

4. A plant according to claim 2 wherein the T-DNA is modified to inactivate tml, tms , or tmr. 

5. A plant according to claim 2 wherein the T-DNA additionally comprises a functional ocs gene. 

6. A plant according to claim 1 wherein the insecticide structural gene is obtained from B. thuringiensis . 

7. A plant tissue comprising a genetically modified plant cell containing an insecticide structural gene 
under control of a plant expressible prompter, provided that said cell is not a tobacco cell containing 
the vector pA-ocs-B-ESI as disclosed in EP-A-0 140 556. 

& A tissue according to claim 7 wherein the cell contains T-DNA, and the insecticide gene is inserted 
within the T-ONA. 

9. A tissue according to claim 8 wherein the insecticide gene is inserted at an actively transcribed site 
within either the tml gene, the pes gene, or the M.6" region of the T-DNA. 

10. A tissue according to claim 8 wherein the T-DNA is modified. 

11. A tissue according to claim 10 wherein the modification inactivates tml. tmr, or tms. 

12. A tissue according to claim 8 wherein the T-DNA additionally comprises a functional ocs gene. 
1X A tissue according to claim 8 wherein the plant is a gymnosperm. 

14. A tissue according to claim 8 wherein the plant is an angiosperm. 

15. A tissue according to claim 14 wherein the plant is a monocot. 

16. A tissue according to claim 14 wherein the plant is a dicot. 
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17. A tissue according to claim 16 wherein the plant is a member of the family Solanaceae. 
1a A tissue according to claim 16 wherein the plant is a member of the family Leguminoseae. 

19. A tissue according to claim 16 wherein the plant is a member of the family Compositeae. 

20. A tissue according to claim 16 wherein the plant is a member of the family Malvaceae. 

21. A tissue according to claim 14 wherein the plant is a vegetable. 

22. A tissue according to claim 7 wherein the structural gene is under control of a T-DNA promoter. 

2a A tissue according to claim 22 wherein the structural gene is under control of a promoter selected from 
the group of T-DNA genes consisting of tmr, tml, tms, nos, ocs. and the "1 .6" transcript 

24. A tissue according to claim 7 wherein the insecticide structural gene is under control of a plant 
promoter. 

25. A tissue according to claim 24 wherein the structural gene is under control of a promoter of a plant 
gene selected from a group of plant genes consisting of phaseolin and the small subunit of ribulose- 
1,5-btsphosphate carboxylase. 

26. A tissue as described in claim 7 wherein the insecticide structural gene is under control of a CaMV 
promoter selected from the group of promoters which control the 355 and 195 transcripts. 

27. A tissue according to claim 7 wherein the insecticide structural gene is modified. 

2a A tissue according to claim 27 wherein the insecticide structural gene is modified to code for added 
amino acids at either end of the insecticidal protein. 

29. A tissue according to claim 27 wherein the modification comprises an insertion, a deletion, or a 
substitution of one or more nucleotides in the structural gene nucleotide sequence. 

30. A tissue according to claim 7 wherein the insecticide structural gene is obtained from B. thuringiensis. 


31. A tissue according to claim 30 wherein the structural gene is hybridizable to that of p123/58-10 (NRRL 
B-15612). 

32. A DNA vector comprising an insecticide structural gene and a plant expressible promoter, the gene and 
the promoter being in such position and orientation with respect to each other that the gene is 
expressible under control of the promoter in a plant cell, provided that the vector is not pA-ocs-B-prol- 
ESI as disclosed in EP-A-0 1 40 556. — 

33. A vector according to claim 32 wherein the insecticide gene is inserted in T-DNA. 

34. A vector according to claim 33 wherein the T-DNA is modified. 

35. A vector according to claim 33 wherein the gene is inserted at an actively transcribed site within either 
the tml gene, ocs gene, or the "1 .6" region of the T-DNA. 

36. A vector according to claim 33 wherein the T-DNA additionally comprises a functional ocs gene. 

37. A vector according to claim 32 wherein the promoter is a T-DNA promoter. 
3a A vector according to claim 32 wherein the promoter is a plant promoter. 

39. A vector as described in claim 38 wherein the plant promoter is selected from the group of plant genes 
consisting of phaseolin and the small subunit of ribulose-1 ,5-bisphosphate carboxylase. 
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40. A vector as described in claim 32 wherein the promoter is a CaMV promoter selected from the group of 
promoters which control the 35S and 19S transcripts. 

41. A vector according to claim 32 wherein the insecticide structural gene Is modified, the modification 
comprising an insertion, a deletion, or a substitution of one or more nucleotides in the structural gene 
nucleotide sequence. 

42. A vector according to claim 32 wherein the insecticide structural gene is from B. thuringiensis. 


43. A vector according to claim 42 wherein the structural gene is hybridizable to that of p1 23/58- 10 (NRRL 
B-15612). 

44. A vector according to claim 32 wherein the promoter is modified, the modification comprising an 
insertion, a deletion, or a substitution of one or more nucleotides in the promoter sequence. 

46. A bacterial strain transformed with a vector comprisng an insecticide structural gene and a plant 
expressible promoter, the gene and the promoter being in such position and orientation with respect to 
each other that the gene is expressible under control of the promoter in a plant cell, provided that the 
vector is not pA-ocs-B-prohESI as disclosed in EP-A-0 140 556. 

46. A strain according to claim 45 wherein the expressible gene is within T-DNA. 

47. A strain according to claim 46 wherein the T-DNA is within a cell selected from the genus Agrobac- 
terium . 

4a A strain according to claim 45 wherein the insecticide structural gene is from B. thuringiensis. 


49. A strain according to claim 48 wherein the structural gene is hybridizable to that of pi 23/58*10 (NRRL 
B-15612). 

60. A plasmid selected from the group p 123/58- 10 (NRRL B-15612) and other plasmids having inserted the 
6.6 kb DNA fragment which is releasable therefrom by Hindlll digestion. 

51. A bacterial strain comprising a plasmid according to claim 50. 

52. A strain according to claim 51 wherein the bacteria is E. coli HB101. 

63. A method of genetically modifying a plant cell by transforming the cell with a vector comprising an 
insecticide structural gene and a plant expressible promoter whereby the gene is expressible in the 
plant cell under control of the promoter, provided that the vector is not pA-ocs-B-prol-ESl as disclosed 
in EP-A-0 140 556. — 

64. A method according to claim 53 wherein the insecticide gene is under control of a plant promoter. 

66. A method according to claim 54 wherein the insecticide gene is under control of a promoter selected 
from the group of plant genes consisting of phaseolin and the small subunit of ribulose-1,5- 
Diphosphate carboxylase. 

66. A method according to claim 53 wherein the insecticide structural gene is under control of a T-DNA 
promoter. 

67. A method according to claim 56 wherein the structural is under control of a promoter selected from a 
group of T-DNA genes consisting of tmr, tml, tons, nos, ocs, and the "1 .6" transcript. 

6a A method according to claim 53 wherein the insecticide gene is under control of a promoter selected 
from the group CaMV promoters which control the 35$ and 19S transcripts. 

59. A method according to claim 53 wherein the insecticide gene is modified, the modification comprising 
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an insertion, a deletion, or a substitution of one or more nucleotides in the structural gene nucleotide 
sequence.. 

60. A method according to claim 53 wherein the gene is inserted into T-DNA. 

6 

61. A method according to claim 60 wherein the T-DNA is modified, the modification comprising an 
insertion, a deletion, or a substitution of one or more nucleotides in the T-DNA nucleotide sequence. 

62. A method according to claim 60 wherein the transformed cell is from a gymnosperm. 

10 

63. A method according to claim 60 wherein the transformed cell is from a angiosperm. 

64. A method according to claim 63 wherein the angiosperm is a monocot 
75 65. A method according to claim 63 wherein the angiosperm is a dicot 

66. A method according to claim 65 wherein the dicot is a member of the family Solanaceae. 

67. A method according to claim 65 wherein the dicot is a member of the family Composfteae. 

20 

6a A method according to claim 65 wherein the dicot is a member of the family Legumlnoseae. 

69. A method according to claim 65 wherein the dicot is a member of the family Malvaceae. 

25 70. A method according to claim 63 wherein the dicot is a vegetable. 

71. A method according to claim 60 wherein the insecticide gene is inserted at an actively transcribed site 
within either the tml gene, the ocs gene, or the "1.6" region of the T-DNA. 

so 72. A method according to claim 60 wherein the plant cell is transformed by transfer of DNA from a 
bacterium to the plant cell. 

7a A method according to claim 53 wherein the plant cell is transformed by direct uptake of DNA or by 
microinjection of DNA into the plant cell. 

35 

74. A method according to claim 53 comprising additionally the step of regenerating said transformed cell 
to yield transformed regenerated plant tissue capable of expressing the insecticide structural gene. 

7a A method according to claim 53 wherein the insecticide structural gene is obtained from B. thuringien- 
40 sis. 

7a A method according to claim 75 wherein the insecticide structural gene is hybridizable to that found in 
P123/58-10 (NRRL B- 156 12). 

45 77. A vector according to claim 42 wherein the structural gene is hybridizable to the nucleotide sequence 
of Figure 1. 

7a A strain according to claim 48 wherein the structural gene is hybridizable to the nucleotide sequence of 
Figure 1 . 

60 

79. A method according to claim 75 wherein the insecticide structural gene is hybridizable to the nucleotide 
sequence of Figure 1 . 

Revendlcatlons 

55 

1. Vestal comprenant une cellule ve'ge'tale g$ne*tiquement modifiee contenant un gene de structure 
insecticide sous le contrfite d'un promoteur exprimable dans les vdgeteux, & condition que ladite cellule 
ne soit pas une cellule de tabac contenant le vecteur pA-ocs-B-prol-ES1, tel que ddcrit dans EP-A-0 
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140 556. 

2. Vegetal salon la revendicatioo 1. dans lequel la cellule contient de I'ADN-T et le gene de structure 
insecticide y est insdrl. 

3. Vegetal selon la revendication 2. dans lequel le gene insecticide est insure sur un site activement 
transcrit. ou bien dans le gene tml. ou dans le gene ocs. ou encore dans la region 1.6 de I ADN-T. 

4. Vegetal selon la revendication 2. dans lequel I" ADN-T est modiM pour inactiver M. tons ou tmr. 

6. Vegetal selon la revendication 2. dans lequel I'ADN-T comprend. en outre, un gene ocs (onctionnel. 

6. Vegetal selon la revendication 1. dans lequel le gene de structure insecticide est obtenu a partir de B. 
thuringiensis . 

7 Tissu vegetal comprenant une cellule vegetate genetiquement modifiee contenant un gene 

insecticide sous le controls d'un promoteur exprimable dans tes vegetaux. a condition que todite cetote 
ne soit pas une cellule de tabac contenant le vecteur pA-ocs-B-prol-ESI. tel que decnt dans EP-A-0 
140 556. 

a Tissu selon la revendication 7. dans lequel la cellule contient de I* ADN-T et le gene insecticide est 
insere dans PADN-T. 

9. Tissu selon la revendication 8. dans lequel le gene insecticide est insere sur un ste ectivement 
transcrit. ou Wen dans le gene tml.ou dans le gene ocs. ou encore dansla region 1.6 de ADN-T. 

10. Tissu selon la revendication 8. dans lequel I'ADN-T est modified 

11. Tissu seton la revendication 10. dans lequel la modification inactive tml. tms ou tmr. 

12. Tissu selon la revendication 8. dans toque) I'ADN-T comprend. en outre, un gene ocs f onctionnel. 

13. Tissu selon la revendication 8. dans lequel le vegetal est un gymnosperme. 

14. Tissu selon la revendication 8. dans lequel le vegetal est un anglosperme. 

16. Tissu selon la revendication 14. dans lequel le vegetal est une monocotyledone. 

16. Tissu selon la revendication 14. dans lequel to vegetal est une dicotyledone. 

17. Tissu selon la revendication 16. dans lequel to vegetal est un membre de la famille des solanacees. 

18. Tissu selon la revendication 16. dans lequel to vegetal est un membre de la famille des legumineuses. 

19. Tissu selon la revendication 16. dans lequel to vegetal est un membre de la famille des composees. 
2a Tissu selon la revendication 18. dans tequel to vegetal est un membre de la famille des marvacees. 

21. Tissu selon la revendication 14. dans tequel to vegetal est un legume. 

22. Tissu selon la revendication 7. dans lequel le gene de structure est sous to contrite d'un promoteur 
d' ADN-T. 

23. Tissu seton la revendication 22. dans lequel le gene de structure est sous to contrite d'un promoteur 
choisi dans to groupe de genes d* ADN-T constitue' par tmr. tml. tms. nos. ocs et to transcnpt "1.6". 

24. Tissu seton la revendication 7. dans lequel to gene de structure insecticide est sous le contrite d'un 
promoteur vegetal. 
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25. Tlssu selon la revendication 24, dans lequel le gdne de structure insecticide est sous le contrdle d'un 
promoteur de 96 ne v6g6tal choisi dans un groupe de g&nes v£g£taux constituS par la phas£oline et la 
petite sous-unrtd de ribulose-1 ,5-bisphosphate-carboxylase. 

26. Tissu selon la revendication 7, dans fequel le gdne de structure insecticide est sous le contrdle d*un 
promoteur de CaMV choisi dans le groupe de promoteurs qui contrdlent les transcripts 358 et 19S. 

27. Tissu selon la revendication 7, dans lequel le g&ne de structure insecticide est modify . 

2a Tissu selon la revendication 27, dans lequel le g&ne de structure insecticide est modifti pour coder 
pour des acides amines ajout^s h Tune ou fautre des extr£mft£s de la proline insecticide. 

29. Tissu selon la revendication 27, dans lequel la modification comprend une insertion, une d6l6tion ou 
une substitution d'un ou plusieurs nucleotides dans la sequence nucJ6otidique du g&ne de structure. 

30. Tissu selon la revendication 7, dans lequel le gdne de structure insecticide est obtenu & partir de B. 
thuringiensis. 

31. Tissu selon la revendication 30, dans lequel le gdne de structure est hybrfdable en celui de pi 23/58-10 
(NRRL B- 1561 2). 

32. Vecteur d'AON comprenent un gdne de structure insecticide et un promoteur exprimable dans les 
v6g6taux, le gfcne et le promoteur 6tant dans une position et une orientation fun par rapport & I'autre 
teltes que le gfcne sort exprimable sous le contrdle du promoteur dans une cellule v£g6tale, & condition 
que le vecteur ne soft pas pA-ocs-B-prol-ES1, tel que d6crit dans EP-A-0 140 556. 

33. Vecteur selon la revendication 32, dans lequel le gfcne insecticide est insdnS dans un ADN-T. 

34. Vecteur selon la revendication 33, dans lequel r ADN-T est modiftt. 

36. Vecteur selon la revendication 33, dans lequel le g&ne de structure est in$6r6 sur un site activement 
transcrit, ou bien dans le gdne tml, ou dans le g&ne ocs ou encore dans la region "1,6" de P ADN-T. 

38. Vecteur selon la revendication 33, dans lequel r ADN-T comprend, en outre, un g&ne ocs fonctionnel. 

37. Vecteur selon la revendication 32, dans lequet le promoteur est un promoteur d' ADN-T. 
3& Vecteur selon la revendication 32, dans lequel le promoteur est un promoteur v6g6tal. 

39. Vecteur selon la revendication 38, dans lequel le promoteur v6g£ta! est choisi dans le groupe de g&nes 
v£g6taux constitu6 par la phas£oline et la petite sous-unit^ de ribulose-1,5-bisphosphate-carboxylase. 

40. Vecteur selon la revendication 32, dans lequel le promoteur est un promoteur de CaMV choisi dans le 
groupe de promoteurs qui contrdlent les transcripts 35S et 19$. 

•41. Vecteur selon la revendication 32, dans lequel le gdne de structure insecticide est modiftf, la 
modification comprenant une insertion, une ddtttion ou une substitution d'un ou plusieurs nucleotides 
dans la sequence nuc£otidique du g&ne de structure. 

42. Vecteur selon la revendication 32, dans lequel le gfene de structure insecticide est issu de B. 
thuringiensis. ~~ 

4a Vecteur selon la revendication 42, dans lequel le g$ne de structure est hybridable en celui de p1 23/58- 
10 (NRRL B-15612). 

44. Vecteur selon la revendication 32, dans lequel le promoteur est modify, la modification comprenant 
une insertion, une d£l6tion ou une substitution d'un ou plusieurs nucleotides dans la sequence du 
promoteur. 
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^ 45. Souche bactgrienne transformee par un vecteur, comprenant un gene de structure insecticide et un 
\ promoteur exprimable dans tes v4g6taux, le gene et le promoteur 6tant dans une position et une 

orientation I'un par rapport a Cautre teltes que le g§ne soit exprimable sous le contrdte du promoteur 
| dans une cellule v6g6tale, a condition que le vecteur ne soit pas pA-ocs-B-prol-ESI, tel que decrit dans 

5 EP-A-0 140 556. 

I 

46. Souche selon la revendication 45. dans laquelle le gene exprimable est situ6 dans I'AON-T. 

47. Souche selon la revendication 46. dans laquelle I'AON-T est situd dans une cellule choisie dans le 
io genre Agrobacterium . 

48. Souche selon la revendication 45, dans laquelle le gene de structure insecticide est Issu de B. 
thuringiensis . 

is 49. Souche selon la revendication 48, dans laquelle le gene de structure est hybridable en celui de 
p 123/58- 10 (NRRL B-15612). 

60. Ptasmide choisi dans le groupe p1 23/56-10 (NRRL B-15612) et d'autres plasmides dans lesquets est 
ins6n$ le fragment d'AON de 6,6 kb NbeVable par digestion par Hindlll. 

20 

61. Souche bact£rienne comprenant un ptasmide selon la revendication 50. 

62. Souche selon la revendication 51, dans laquelle la bacte>ie est E. coli HB101. 

25 53. Prodde 1 de modification g6n6tique d*une cellule v£g6ta!e qui consiste a transformer la cellule par un 
vecteur comprenant un gene de structure insecticide et un promoteur exprimable dans les v6g6taux. le 
gene 6tant exprimable dans la cellule v6g6taie sous le contrdle du promoteur, a condition que le 
vecteur ne soit pas pA-ocs-B-prol-ESI , tel que demerit dans EP-A-0 140 556. 

30 54. Proc6d6 selon la revendication 53, dans lequel le gene insecticide est sous le contrdle d'un promoteur 
vegetal. 

55. Prodde* selon la revendication 54, dans lequel le gene insecticide est sous le contrdle d'un promoteur 
choisi dans le groupe de genes v6ge*taux constrtue* par la phaseoline et la petite sous-unite* de ribulose- 
35 1,5-bisphosphate-carboxylase. 

66. Proc6d6 selon la revendication 53, dans lequel le gene de structure insecticide est sous le contrdle 
d'un promoteur d'ADN-T. 

40 57. Proc6d6 selon la revendication 56, dans lequel le gene de structure est sous le contrdle d'un 
promoteur choisi dans un groupe de genes d'ADN-T constitu£ par tmr. tml, tms. nos, ocs et le 
transcript "1,6". 

58. Proc6d6 selon la revendication 53, dans lequel le gene insecticide est sous le contrdle d'un promoteur 
45 choisi dans le groupe des promoteurs de CaMV qui contrdlent les transcripts 35S et 19S. 

59. Proc6d6 selon la revendication 53, dans lequel le gene insecticide est modify, la modification 
comprenant une insertion, une dentition ou une substitution d'un ou plusieurs nucleotides dans la 
sequence nuefcotidique du gene de structure. 

50 

60. Proc6d6 selon la revendication 53. dans lequel le gfene est insure* dans un ADN-T. 

61. Precede* selon la revendication 60, dans lequel r ADN-T est modiftf, la modification comprenant une 

insertion, une ctfldtion ou une substitution d'un ou plusieurs nucleotides dans la sequence nucleotidique ' 
55 de I' ADN-T. 

-it 

62. Proc6d6 selon la revendication 60, dans lequel la cellule transform^ est issue d'un gymnosperme. 
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63* Proc6d6 selon la revendication 60. dans lequel la cellule transform^ est issue d*un angiosperme. 

64. Proc£d$ selon la revendication 63. dans lequel I'angiosperme est una monocotyfcdone. 

65. Proc£de* selon la revendication 63. dans lequel I'angiosperme est una dicoty£done. 

66. Proc6d6 selon la revendication 65, dans lequel la dicoty&done est un membre de la famille des 
solanac6e$. 

67. Proc£de* selon la revendication 65, dans lequel la dicotyledons est un membre de la famille des 
composes. 

6a Proce*de* selon la revendication 65. dans lequel la dicotylddone est un membre de la famille des 
I6gumineuses. 

69. Proc&ie* selon la revendication 65, dans lequel la dicotyttdone est un membre de la famille des 
matvac6e$. 

70. Proc4de* selon la revendication 63, dans lequel la dicotyttdone est un legume. 

71. Proddd selon la revendication 60, dans lequel le gene insecticide est in$6r6 sur un site activement 
transcrit, ou bien dans le g§ne tml. ou dans le gene pes ou encore dans la region "1.6" de PADN-T. 

72. ProcSdS selon la revendication 60, dans lequel la cellule v6g£tale est transform^ par transfert d'ADN 
d'une bact£rie vers la cellule v6gdtale. 

73. Proc&ie* selon la revendication 53. dans lequel la cellule vlgltale est transform^ par absorption 
dtrecte d'ADN ou par microinjection d'ADN dans la cellule v6g£tale. 

74. Proc$d$ selon la revendication 53. comprenant en outre. I'6tape de r$gdn$ration de ladite cellule 
transformed pour donner un tissu v4g6tai r6g£n6r6 transform^ capable d'exprimer le gene de structure 
insecticide. 

75. Proc6d6 selon la revendication 53, dans laquelle le gene de structure insecticide est obtenu k partir de 
B. thuringiensis . 

76. Proce*de* selon la revendication 75. dans lequel le gene de structure insecticide est hybridabie en celui 
que Ton trouve dans p123/58-10 (NRRL B-15612). 

77. Vecteur selon la revendication 42, dans lequel le gdne de structure est hybridabie en la sequence 
nucttotidique de la figure 1 . 

7& Souche selon la revendication 48, dans laquelle le gdne de structure est hybridabie en la sequence 
nucleotidique de la figure 1. 

79. ProcSde* selon la revendication 75, dans lequel le g&ne de structure insecticide est hybridabie en la 
sequence nucleotidique de la figure 1. 

Patentanspruche 

1. Pflanze, umfassend eine genetisch modifizierte Pflanzenzelle, die ein Insektizid-Strukturgen unter der 
Kontrolle eines pflanzenexprimierbaren Promotors enthStt, mit der Maflgabe, dad diese Zelle nicht eine 
Tabakpflanzenzelle 1st. die den Vektor pA-ocs-B-prol-ESI gemSB der EP-A-01 40556 enthSIt 

2. Pflanze nach Anspruch 1, wobei die Zelle T-DNA enthSIt und das Insektizid-Strukturgen darin inseriert 
ist. 

3b Pflanze nach Anspruch 2, wobei das Insektizid-Gen an einer aktiv transkribierten Stelte innerhalb 
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entweder des tml-Gens, des ocs-Gens Oder des "1.6*-Bereichs der T-DNA inseriert 1st 

4. Pflanze nach Anspruch 2, wobei die T-DNA zur loaktivierurtg von tml, tms Oder tmr modifiziert ist 

s &. Pflanze nach Anspruch 2, wobei die T-DNA zusStzlich ein funktionelles ocs-Gen enthStt 

& Pflanze nach Anspruch 1 , wobei das Insektizid-Strukturgen aus B. thuringiensis gewonnen ist 

7. Pflanzengewebe, umfassend eine genetisch modifizierte Pflanzenzelle, die etn Insektizid-Strukturgen 
io unter der Kontrofle eines pflanzenexprimierbaren Promotors enth&tt, mit der Mafigabe, dafl diese Zelle 
nicht eine Tabakpflanzenzelle ist die den Vektor pA-ocs-B-prol-ESI gemSB der EP-A-01 40556 enthdtt. 

& Gewebe nach Anspruch 7, wobei die Zelle T-DNA enthStt und das Insektizid-Gen innerhalb der T-DNA 
inseriert ist. 

75 

9. Gewebe nach Anspruch 8, wobei das Insektizid-Gen an einer aktiv transkribierten Stefle innerhalb 
entweder des tml-Gens, des ocs-Gens Oder des "1 .6"-Bereichs der T-DNA inseriert ist 

10. Gewebe nach Anspruch 8, wobei die T-DNA modifiziert ist 

20 

11. Gewebe nach Anspruch 10, wobei die Modifikation die Inaktivierung von tml. tmr Oder tens verursacht 

12. Gewebe nach Anspruch 8, wobei die T-DNA zusStzlich ein funktionelles ocs-Gen aufweist 
25 1& Gewebe nach Anspruch 8. wobei die Pflanze ein Gymnosperm ist. 

14. Gewebe nach Anspruch 8, wobei die Pflanze ein Angiosperm ist 

15. Gewebe nach Anspruch 14, wobei die Pflanze ein Mooocot ist. 

30 

16. Gewebe nach Anspruch 14, wobei die Pflanze ein Dicot ist. 

17. Gewebe nach Anspruch 16, wobei die Pflanze ein Mitglied der Famine Solanaceae ist. 

36 1& Gewebe nach Anspruch 16, wobei die Pflanze ein Mitglied der Famine Leguminoseae ist 

19. Gewebe nach Anspruch 16, wobei die Pflanze ein Mitglied der Familie Compositeae ist. 

2a Gewebe nach Anspruch 16, wobei die Pflanze ein Mitglied der Familie Malvaceae ist. 

40 

21. Gewebe nach Anspruch 14, wobei die Pflanze eine GemQsepflanze ist. 

22. Gewebe nach Anspruch 7, wobei das Strukturgen unter der Kontrolle eines T-DNA-Promotors steht 

46 23. Gewebe nach Anspruch 22, wobei das Strukturgen unter der Kontrolle eines Promotors steht, der 
ausgewShtt ist aus der aus tmr, tml, tms, nos, ocs und dem "1.6"-Transkript bestehenden Gruppe der 
T-DNA-Gene. : 

24. Gewebe nach Anspruch 7, wobei das Insektizid-Strukturgen unter der Kontrolle eines Pflanzenpromo- 
so tors steht. 

25. Gewebe nach Anspruch 24, wobei das Strukturgen unter der Kontrolle eines Promotors eines Pflanzen- 
gens steht das ausgewdhlt ist aus der aus Phaseolin und der kletnen Untereinheit von Rtbulo$e-1,5- 
biphosphat-Carboxylase bestehenden Gruppe von Pflanzengenen. 

55 

26. Gewebe nach der Beschreibung von Anspruch 7, wobei das Insektizid-Strukturgen unter der Kontrolle ^ * 
eines CaMV- Promotors steht, der aus der Gruppe von Promotoren ausgew&htt ist die die Transkripte 

35S und 18S kontrofiieren. 
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27. Gewebe nach Anspruch 7, wobei das Insektizid-Strukturgen modifiziert ist 

28. Gewebe nach Anspruch 27, wobei das Insektizid-Strukturgen derart modifiziert ist, daB es fQr zusStzfi- 
che AminosSuren an beiden Enden des insektiziden Proteins codiert 

29. Gewebe nach Anspruch 27, wobei die Modifikation eine Insertion, Deletion odor Substitution eines Oder 
mehrerer Nucleotide der Strokturgen-Nucteotidsequenz umfaBt 

30. Gewebe nach Anspruch 7, wobei das Insektizid-Strukturgen aus B. thuringiensis gewonnen ist 

31. Gewebe nach Anspruch 30, wobei das Strukturgen mit jenem von p1 23/58-10 (NRRL B-15612) 
hybridisterbar ist 

32. DNA-Vektor, umfassend ein Insektizid-Strukturgen und einen pflanzenexprimierbaren Promotor, wobei 
Gen und Promotor In einer solchen Position und Orientierung zueinander stehen, daB das Gen unter 
der Kontrolle des Promoters in einer Pflanzenzelle exprimierbar ist, mit der MaBgabe, daB der Vektor 
nicht pA-ocs-B-proi-ESI gemfifi der EP-A-01 40556 ist. 

33. Vektor nach Anspruch 32, wobei das Insektizid-Gen in T-DNA inseriert ist 

34. Vektor nach Anspruch 33, wobei die T-DNA modifiziert ist 

35. Vektor nach Anspruch 33, wobei das Gen an einer aktiv transkribierten Steile innerhalb entweder des 
tml-Gens, des ocs-Gens Oder des "1.6"-Bereichs der T-DNA Inseriert ist 

36. Vektor nach Anspruch 33, wobei die T-DNA zusStzlich ein funktionelles ocs-Gen umfaBt 

37. Vektor nach Anspruch 32, wobei der Promotor ein T-DNA-Promotor ist 
36. Vektor nach Anspruch 32, wobei der Promotor ein Pflanzenpromotor ist 

39. Vektor nach der Beschreibung von Anspruch 38, wobei der Pflanzenpromotor ausgew&htt ist aus der 
aus Phaseolin und der Weinen Untereinheit von Ribuk)se-1,5^phosphat-Carboxylase bestehenden 
Gruppe von Pflanzengenen. 

4a Vektor nach der Beschreibung von Anspruch 32, wobei der Promotor ein CaMV-Promotor ist der aus 
der Gruppe von Promotoren ausgewShtt ist die die Transkripte 35S und 19S kontrollieren. 

41. Vektor nach Anspruch 32, wobei das Insektizid-Strukturgen modifiziert ist und die Modifikation eine 
Insertion, Deletion Oder Substitution eines Oder mehrerer Nucleotide in der Strukturgen-Nucleotidse- 
quenz umfaBt. 

42. Vektor nach Anspruch 32, wobei das Insektizid-Strukturgen aus B. thuringiensis stammt 


43. Vektor nach Anspruch 42, wobei das strukturgen mit jenem von pi 23/58-10 (NRRL B-15612) hybridis- 
ierbar ist. 

44. Vektor nach Anspruch 32, wobei der Promotor modifiziert ist und die Modifikation eine Insertion, 
Deletion oder Substitution eines Oder mehrerer Nucleotide in der Promotorsequenz umfaBt. 

46. Bakterienstamm, der mit einem Vektor modifiziert ist welcher ein Insektizid-Strukturgen und einen 
pflanzenexprimierbaren Promotor umfaBt, wobei Gen und Promotor in einer solchen Position und 
Orientierung zueinander stehen, daB das Gen unter der Kontrolle des Promoters in einer Pflanzenzelle 
exprimierbar ist, mit der MaBgabe, daB der Vektor nicht pA-ocs-B-prol-ESI QemSB der EP-A-01 40556 

ist. 

46. Stamm nach Anspruch 45, wobei das exprimierbare Gen innerhalb der T-DNA liegt. 
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47. Stamm nach Anspruch 46, wobei die T-ONA innerhalb einer Zelle aus der Gattung Agrobacterium 
vorliegt. 

4& Stamm nach Anspruch 45, wobei das Insektizid-Strukturgen aus B. thuringiensis stammt 

49. Stamm nach Anspruch 48, wobei des Strukturgen mit jenem von p 123/58-10 (NRRL B-15612) 
hybridisierbar ist 

50. Plasmid, ausgewShlt aus der Qruppe p123/58»10 (NRRL B-15612) und anderen Plasm iden, die das 6.6 
kb ONA-Fragment inseriert enthaften, das daraus durch Hindlll-Abbau fretgesetzt werden kann. 

51. Bakterienstamm, der ein Plasmid nach Anspruch 50 umfadt 

62. Stamm nach Anspruch 51, wobei das Bakterium E. coti HB101 ist 

63. Verfahren zur genetischen VerSnderung einer Pflanzenzelle durch Transformation der Zelle mit einem 
Vektor, der ein Insektizid-Strukturgen und einen pflanzenexprimierbaren Promotor enth&ft, wobei das 
Gen in der Pflanzenzeile unter der Kontrolle des Pranotors exprlmierbar ist. mit der Maftgabe, dafl der 
Vektor nicht pA-ocs-B-prol-ESI gemfiB der EP-A-01 40556 ist 

54. Verfahren nach Anspruch 53, wobei das Insektizid-Gen unter der Kontrolle eines Pfianzenpromotors 
stent 

66. Verfahren nach Anspruch 54, wobei das Insektizid-Gen unter der Kontrolle eines Promoters stent, der 
ausgewShlt ist aus der aus Phaseolin und der kleinen Untereinheit der Ribufose-1 ,5-biphosphat- 
Carboxylase bestehenden Gruppe von Pflanzengenen. 

56. Verfahren nach Anspruch 53, wobei das Insektizid-Strukturgen unter der Kontrolle eines T-ONA- 
Promotors stent 

57. Verfahren nach Anspruch 56, wobei das Strukturgen unter der Kontrolle eines Promoters stent, der 
ausgewShlt ist aus der aus tmr, tml, tms, nos, ocs und dem "1.6"-Transkript bestehenden Gruppe von 
T-DNA-Genen. 

58. Verfahren nach Anspruch 53. wobei das Insektizid-Gen unter der Kontrolle eines Promoters stent der 
aus der Gruppe der CaMV-Promotoren ausgewShlt ist. die die Transkripte 35S und 19S kontrollieren. 

59. Verfahren nach Anspruch 53, wobei das Insektizid-Gen modifiziert ist und die Modification eine 
Insertion, Deletion Oder Substitution eines Oder mehrerer Nucleotide in der Strukturgen-Nucleotidse- 
quenz umfaBt. 

60. Verfahren nach Anspruch 53, wobei das Gen in T-ONA inseriert ist 

61. Verfahren nach Anspruch 60, wobei die T-DNA modifiziert ist und die Modification eine Insertion, 
Deletion oder Substitution eines Oder mehrerer Nucleotide in der T-DNA-Nucieotidsequenz umfafit 

62. Verfahren nach Anspruch 60, wobei die transformierte Zelle von einem Gymnosperm stammt 

63. Verfahren nach Anspruch 60, wobei die transformierte Zelle von einem Angiosperm stammt 

64. Verfahren nach Anspruch 63, wobei das Angiosperm ein Monocot ist. 

65. Verfahren nach Anspruch 63, wobei das Angiosperm ein Dicot ist 

66. Verfahren nach Anspruch 65. wobei der Dicot ein Mitglied der Familie Solanaceae ist 

67. Verfahren nach Anspruch 65. wobei der Dicot ein Mitglied der Familie Compostteae ist 
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6a Verfahren nach Anspruch 65, wobei der Dicot ein Mitglied der Familie Leguminoseae 1st 

69. Verfahren nach Anspruch 65, wobei der Dicot ein Mitgiied der Famine Malvaceae 1st 

s 70. Verfahren nach Anspruch 63, wobei der Dicot eine GemQsepflanze ist. 

71. Verfahren nach Anspruch 60. wobei das Insektizid-Gen an einer aktiv transkribierten Stelle innerhaJb 
entweder des tmj-Gens, des ocs-Gens oder des *1.6*-Bereichs der T-DNA inseriert ist 

iq 72. Verfahren nach Anspruch 60, wobei die Pflanzenzelle durch ONA-Transfer von einem Bakterium in die 
Pflanzenzelle transformiert ist 

7a Verfahren nach Anspruch 53, wobei die Pflanzenzelle durch direkte Aufnahme von DNA oder durch 
Mikroinjektion von DNA in die Pflanzenzelle transformiert ist 

15 

74. Verfahren nach Anspruch 53, umfassend den zusStzlichen Schritt der Regenerierung dieser transfer- 
mierten Zelle zur Gewinnung von transformiertem, regeneriertem Pflanzengewebe, das zur Expression 
des Insektizid-Strukturgens befShigt ist 

20 76. Verfahren nach Anspruch 53, wobei das Insektizid-Strukturgen aus B. thuringiensis gewonnen ist 

76. Verfahren nach Anspruch 75, wobei das Insektizid-Strukturgen mit dem in p 12058- 10 (NRRL B-15612) 
gefundenen hybridisierbar ist 

25 77. Vektor nach Anspruch 42, wobei das Strukturgen mit der Nucleotidsequenz von Fig. 1 hybridisierbar ist. 

7a Stamm nach Anspruch 48, wobei das Strukturgen mit der Nucleotidsequenz von Pig. 1 hybridisierbar 
ist 


» 79. Verfahren nach Anspruch 75, wobei das Strukturgen mit der Nucleotidsequenz von Fig. 1 hybridisierbar 
ist. 
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Partial Sequence of the Crystal Protein Gene 
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